Place  a  rule  against  the  stack  of  an  SNC  No.  8P189 
transformer  and  the  extra  width  clearly  indicates  the 
added  quality  built  into  every  item  in  the  complete 
SNC  line. 


Skillful  engineering,  latest  production  techniques  and 
highest  quality  materials  .  .  .  backed  by  careful  work¬ 
manship,  exacting  step-by-step  inspection  and  rigor¬ 
ous  final  testing  ...  are  just  a  few  of  the  reasons  why 
SNC  transformers  keep  rejects  at  a  minimum  and  give 
outstanding  performance. 


Join  the  increasingly  large  number 
of  manufacturers,  retailers,  hams 
and  other  component  part  buyers 
who  rely  on  SNC  for  quality, 
trouble-free  equipment.  Write  for 
catalog  today. 


Remember!  SNC  gives  MORE  applications  with 
SMALLER  inventories  for  GREATER  profits! 


mipMAM^CTURI 
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BUSINESS  BRIEFS 

By  W.  W.  MacDONALD 


HIGH  CAPACITANCE 
ELECTROLYTICS  FOR 
LOW  VOLTAGE  USES 


Solar  Type  DZTP  electrolytic  capaci¬ 
tors  are  widely  used  in  low  voltage  ap¬ 
plications  where  circuit  requirements 
dictate  extremely  high  capacitances. 
Typical  applications  include  exciter 
lamp  supplies  in  motion  picture  sound 
equipment,  "A”  battery  power  sup¬ 
plies,  telephone  and  timing  circuits, 
and  electric  fence  machines. 

All  capacitors  are  supplied  with 
screw  terminals  on  a  molded  Bakelite 
top.  The  hermetically  sealed  drawn 
aluminum  containers  are  furnished 
with  an  external  Kraftboard  insulat¬ 
ing  jacket. 

Preferred  ratings  are  as  follows: 


Catalog 

Numbor 

Mf 

Sizet 

12  WVDC 

DZTP.1000-12 

1000 

1%x2’/2 

DZTP-1500-12 

1600 

1%x2'/2 

DZTP-2000-12 

2000 

1%x3V4 

DZTP-2500-12 

2500 

1%x3V4 

DZTP-3000-12 

3000 

1%x3V4 

DZTP-4000-12 

4000 

1 3i%x4Vi 

15  WVDC 

DZTP-300-15 

500 

1%x2V2 

DZTP-1000-15 

1000 

1%x2V2 

DZTP-2000-15 

2000 

1%x3'/4 

DZTP-3000-15 

3000 

13^x4i/b 

DZTP-4000-13 

4000 

l%x4Vi 

18  WVDC 


DZTP-1000-18 

1000 

1%x2V2 

DZTP-2000-18 

2000 

1%x3V4 

DZTP-4000-18 

4000 

l%x4l/b 

25  WVDC 

DZTP-500-23 

500 

mx3V4 

DZTP- 1000-25 

1000 

1%x3V4 

DZTP-2000-25 

2000 

1^^4V2 

DZTP-4000-25 

4000 

2  x4V8 

35  WVDC 


DZTP.1000-35 

1000 

1%x3V4 

OZTO-2000-25 

2000 

1%:  4V2 

50  WVDC 

DZTP-500  50 

500 

1=I^x3V4 

DZTP-1000-50 

1000 

1%x41/8 

DZTP-2000  50 

2000 

2  x3V2 

fAdd  1  16"  fo  container  diameter  and  7/32"  to 
length  for  overall  dimensions  over  cardboard  in* 
sulating  tube. 


For  dimensions  of  other  ratings,  contact  your 
nearest  Solar  representative  or  write  to  Solar 
Manufacturing  Corporation,  1445  Hudson  Blvd., 


SOLAR  CAPACITORS 


"Ooo/tfy  Above  All" 


A  Number  Of  Readers  have 
asked  us,  some  with  thinly-veiled 
implications  that  are  distressing  to 
entertain,  just  what  the  formula  for 
this  column  is.  We  don’t  always 
achieve  it  but  here,  at  least,  is  our 
idea  of  an  ideal  item :  It  deals  with 
the  field  of  electronics,  interests  the 
writer  (obviously  the  slick  little 
gimmick  used  to  keep  stuff  out), 
and  indicates  how  somebody  can 
make  more  money  or  at  least  avoid 
losing  it. 

More  Jobs  For  Engineers  result 
from  the  FCC’s  current  liberality 
with  respect  to  new  broadcast  sta¬ 
tion  applications.  If  lice*  "es  are  is¬ 
sued  the  need  for  engineers  is  obvi¬ 
ous.  Not  so  obvious  is  the  fact  that 
in  order  to  protect  their  interests 
existing  stations  must  do  a  lot  of 
paper  work  to  prove  that  they  ade¬ 
quately  serve  the  public  in  their 
primary  coverage  area,  and  that 
only  an  engineer  can  properly  do 
such  work. 

Business  Briefs  readers  should 
by  now  be  quite  aware  of  the  fact 
that  a  lot  of  people  (ourselves  in¬ 
cluded)  find  it  stimulating  to  keep 
in  close  personal  touch  with  the 
progress  of  television  in  the  na¬ 
tion’s  bars.  United  States  Televi¬ 
sion,  latest  convert  to  this  new 
sport  for  statisticians,  says  that 
the  average  number  of  lookers  is 
81,  with  a  daily  turnover  of  353 
and  a  weekly  turnover  of  984. 

Seeing  double  is,  of  course,  an 
occupational  hazard. 

All  Is  Not  Beer  And  Skittles  for 
bar  television.  Some  pub  owners 
have  had  to  ban  draught-brew  sales 
during  show  periods  to  discourage 
the  practice  of  coasting  for  hours 
on  one  thin  dime.  A  few  relying 
heavily  upon  rapid  turnover  of 
transient  drinkers  who  buy  a  quick 
one  and  leave  have  actually  taken 
sets  out.  Bars  still  represent  the 
most  effective  promotion  medium 
television  has  at  the  moment,  never¬ 
theless. 

Incidentally,  several  shrewd  New 
York  and  New  Jersey  operators  are 


making  themselves  a  nice  piece  of 
change  by  buying  $400  table-type 
television  sets,  equipping  them  with 
larger  c-r  tubes  and  cabinets,  and 
selling  them  for  $1,000  or  more  to 
bars.  j 

Not  Yet  A  Law,  but  quite  likely 
to  be  one  soon  because  CAB  is  urg¬ 
ing  it,  is  use  of  electronic  terrain-  j 
clearance  indicators  that  light  a  i 
light  or  ring  a  bell  whenever  com-  I 
mercial  airliners  get  below  a  critical 
altitude^  Most  operators  see  the  > 
handwriting  on  the  wall  and  are  al¬ 
ready  placing  orders  for  such  de¬ 
vices. 

Wired  Wireless  Schemes  envi¬ 
sioning  transmission  of  r-f  over  > 
power  lines  for  entertainment  pur-  ,[ 
poses  are  in  for  a  bump  if  their  pro-  j 
ponents  hope  to  avoid  licensing  un¬ 
der  FCC  rules  permitting  unlicensed 
operation  of  certain  remote-control  | 
devices.  A  number  of  such  schemes  * 
have  been  reported  and  the  Commis-  ^ 
sion  is  cracking  down  on  most  of 
them.  ^ 

Surplus  Electronic  Equipment  to  \ 
be  sold  by  the  Government  is  just  T 
about  washed  up.  Most  of  the  equip-  t 
ment  still  on  hand  is  being  shifted  | 
from  WAA  to  FWA  for  distribution  I 
among  educational  institutions  | 
Hallelujah !  | 

I 

Shot  In  The  Arm  for  f-m  is  the  | 
introduction  of  many  new  inexpen-  | 
sive  tuners  and  converters  now  hit-  | 
ting  the  market.  Stations  have  been  | 
screaming  for  them  for  a  long  time,  | 
and  in  many  instances  contracted  j 
for  private-brand  designs  to  build  I 
their  market.  It  took  nationally-  | 
known  manufacturers  a  long  time  | 
to  get  in  production  but  they  are  I 
I'olling  merchandise  out  now.  I 

Common  Carrier  Service  on  152  | 

me,  for  doctors,  salesmen  and  oth-  | 
ers  who  must  keep  in  close  touch 
with  their  offices  while  driving,  was  j 
predicted  in  these  columns  two 
months  ago.  Now  it  is  an  accom¬ 
plished  fact,  with  one  station  oper-  ! 
ating  experimentally  just  across  the  j 


74 


October.  1947  —  ELECTRONICS 


:errain- 
light  a 
jr  corn- 
critical 
}ee  the 
are  al- 
jch  de- 


TRONICS 


(iece  of 
jle-type 
im  with 
ts,  and 
nore  to 


TALK 

overloads  without  affecting  tube  life.  All  of  the  internal  elements 
are  self  supporting  without  the  inclusion  of  insulating  hardware. 
Neutralization  Is  normally  unnecessary  since  practical  isolation 
of  the  input  and  output  circuits  is  achieved  by  the  screen  grid 
and  its  supporting  cone.  No  special  gear  is  required  for  Installa* 
tion,  as  the  five  pin  base  fits  available  commercial  sockets. 

In  typical  operation,  class-C-telegraphy  or  FM-telephony,  one 
4-65A  with  a  plate  voltage  of  600  volts,  125  mllllamperes  of 
plate  current,  and  a  plate  power  input  of  75  watts  will  provide 
50  watts  of  output  with  less  than  2  watts  of  grid  drive.  In  1500 
volt  operation  wi\b  an  input  of  190  watts,  the  output  is  140 
watts.  With  the  plate  voltage  increased  to  3000  volts  and  an 
Input  of  325  watts,  an  output  of  265  watts  per  tube  Is  obtained. 

The  4-65A  Is  amazingly  versatile,  being  Ideally  suited  for  audio, 
television,  r-f  heating,  and  communication  applications,  station¬ 
ary  or  mobile.  It  Is  priced  at  $14.50  each.  Additional  data  may 
be  had  by  writing  to: 

EITEL-McCULLOUGH,  Inc. 

181  San  Mateo  Ave.,  San  Bruno,  California 

fttttw  th»  t» 
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Eiport  Agents;  Fraiar  A  Hansen,  301  Clay  Street. 
San  Francisco,  II,  California 
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To  insure  performance  of  the  4-65A  .  .  .  severe  mechanical  tests  are  conducted — from  withstanding  a  bump  test  to  holding  up  under  ex¬ 
cessive  vibration.  Tests  are  carried  even  further  .  .  .  satisfactory  shipment  of  the  tube  is  insured  by  package  drop  tests. 
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SIMfLIFlEO  CIRCUIT  FOR  USE  ABOVE  lOO-MC. 

The  tube  Is  a  "natural"  for  the  152-162  Me.  band.  Its  low  Inter¬ 
electrode  capacitances,  compact  structure,  short  electron  transit 
time,  high  transconductance,  together  with  being  a  tetrode  al¬ 
lows  simplification  of  circuit.  Operation  of  the  4-65A  can  be 
continued  up  thru  the  225-Mc.  amateur  band  In  either  FM  or 
AM  service. 

The  4-65A  incorporates  an  Instant  heating  thorlated  tungsten 
filament,  processed  grids — controlling  primary  and  secondary 
emission,  and  a  processed  metal  plate — enabling  momentary 
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PUSH  TO 


With  the  announcement  of  the  new  Elmac  Tetrode  type  4-65A, 
satisfactory  high-power  mobile  transmission  became  a  reality. 
Designed  as  a  transmitting  tube,  with  the  transmitter  man's 
problems  In  mind,  the  4-65A  provides  stable  operation  over  a 
voltage  range  of  from  400  to  3000  volts.  This  characteristic 
alone  enables  continuity  of  system  design,  using  the  same 
vacuum  tubes  In  the  final  stage  of  both  the  mobile  and  fixed 
station  (two  4-65As  will  handle  150  watts  Input  with  600  plate 
volts  In  the  mobile  unit,  and  operating  at  3000  plate  volts.  In 
the  fixed  station,  two  4-65As  provide  1/2  kilowatt  output). 
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direction.  Nor  can  we  predict  the  copper  market 


we  can  wind  coils  when  we  have  the  wire  and 


BOBBINS  •  PAPER  INTERLEAVE 
ACETATE  INTERLEAVE  •  COTTON  INTERWEAVE 
TAPEO  FORM  WOUND 

UNIVERSAL  SIN6LE  OR  MULTI  PIE  CROSS  WOUND 


Send  us  your  spoci/icaHons 
and  we  shall  bo  glad  fa  quote, 


COTO-COIL  CO.,  IN< 

coil  SPCaALISTS  SINCE  1917 
6S  Povilloif  Av«./  ProvichHice  5,  R.  I. 


West  Coast  Address:  P.  O.  Aex  674,  ■elmont,  Calif. 


river  from  our  New  York  offices,  in 
Brooklyn,  and  another  about  to  open 
up  in  Manhattanr  close  enough  to 
pump  plenty  of  r-f  into  our  t3rpe- 
writer. 


Receiver  Production  by  RMA 
members  for  the  first  six  months  of 
1947  totalled  8,883,734  units.  Here's 
the  way  the  total  broke  down: 

PRIVATE 

type  brand  factory 

FAectHe 

Table  (under 
R12.50  btlling 

price)  .  97,313  484,643 

Table  (oyer 
I12.B0  billing 
price) 

A-M  .  653,130  3.027,446 

A-M/P-M  .  30  59,842 

F-M  (Including 

converters  7 .  1,005 

Consoles 

A-M  .  20,146  28,46.% 

A-M/P-M  .  10,648  4,967 

Table- Radio-Phonos 

A-M  .  137,206  641,105 

A-M/F-M  .  7,311  71 

Console  Radio- 
Phonos 

A-M  .  74.648  431.573 

A-M/P-M  .  33,005  328,684 

Battery 

Portable  A-C/D-C.  119.1.32  921,064 

Table .  116,197  1.58,181 

Consoles  .  284  . 

Auto  .  1,208,159  . 

TelevMon 

Converters  .  850  24 

Radio  Table 

Models  .  1,015  31,754 

Radio  Consoles 

Direct  viewing .  8,611 

Projection  .  618 

Radio  Pbonos 

Direct  viewing .  3,192 

Projection .  325 

PhoHOffraphg 

Phono  only .  38,650  99,493 

With  radio 

attachment  , . ,  1,689  133.258 

TOTAL  .  2,519,413  6,364,321 

Receiving  Tube  Production  for 
the  first  half  of  1947  totalled  103,- 
362,432,  according  to  RMA.  Of  this 
total,  66,371,204  tubes  went  to  set 
manufacturers,  23,920,166  were  for 
replacement,  12,804,197  went  over¬ 
seas,  and  266,865  were  used  by  gov¬ 
ernment  agencies. 


Good  Management  is  by  no 
means  universal  in  the  field  of 
electronics;  this  we  knew.  But  we 
did  hope  the  industry  would  stack 
up  better  in  a  survey  of  opinion 
among  bankers,  business  men, 
newspaper  and  magazine  editors. 
Some  200  firms  were  nominated  for 
a  list  of  “best  managed  companies 
in  America.’’  Just  two  are  in  our 
business. 


Protective  Services  that  guard 
industrial  plants,  stores,  and  lush 
private  homes  against  burglary  and 
fire,  and  in  some  cases  also  record 
or  control  manufacturing  conditions 
remotely,  use  a  great  deal  of  elee- 
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tronic  as  well  as  electrical  equip¬ 
ment.  Few  realize  that  such  serv¬ 
ices  represent  truly  “big  business.” 

One  protective  service  company 
has  subscribers  in  over  1,000  mu¬ 
nicipalities;  did  $14,000,000  worth 
of  business  in  1946. 


Back  In  July  we  reported  that  a 
manufacturer  of  hotel  radios  had 
had  an  unhappy  experience  with  a 
poorly  designed  quarter-in-the-slot 
timer.  A  Business  Briefs  reader 
(May  his  tribe  increase!)  promptly 
wrote  in  and  asked  if  we  knew  of 
someone  who  might  be  interested  in 
a  good  timer  design  he  had  tucked 
away  in  a  closet  and,  if  so,  could  we 
bring  about  a*  meeting  of  minds. 
We  did,  and  we  could.  Which  re¬ 
minds  us  that  if  anyone  else  out 
there  in  the  audience  is  hiding  a 
light  under  a  bushel  we  stand  ready 
and  willing  to  serve. 


Poor  Man’s  Pleasure  is  playing 
records,  according  to  Admiral’s 
Dick  Graver,  who  says  57  percent  of 
all  phonograph  owners  make  less 
than  $3,000  a  year. 


PAUL  and  BEEKMAN,  Inc. 

makes  stampings  in  a])  sizes 


Net  Income  of  the  Philco  Cor¬ 
poration  in  the  second  quarter  of 
1947  totaled  $1,626,974  after  de¬ 
duction  of  all  taxes  and  charges 
Including  an  inventory  reserve  of 
$1,200,000  for  future  research  ex¬ 
penditures. 

Hytron  (exclusive  of  its  Air  King 
division)  reports  $43,854  net  earn¬ 
ings  after  federal  taxes  for  the  first 
five  months  of  the  year. 


It’s  one  thing  to  be  set  up  to  moke  small  stampings.  But  it’s  another  to 
hove  the  skill  and  the  equipment  to  mgke  all  sizes  of  stampings,  quickly 
and  economically. 

Paul  and  Beekman,  Inc.,  has  the  skill,  the  men  and  the  equipment  to 
make  precision  stampings  in  all  sizes  . .  .  from  copper,  mild  or  stainless 
steel,  brass  or  aluminum  .  .  .  assembled,  painted  or  electroplated  if 
required.  The  Paul  and  Beekman,  Inc.,  service  is  complete. 

It’s  so  complete  that  many  of  the  best  known  names  in  industry  are  using 
it.  Let  us  cite  you  some  examples.  Or,  better  still,  let  our  engineers, 
without  obligation  to  you,  tell  you  how  your  specific  needs  would  be 
handled. 


Citizen’s  Band  Radio  is  too  good 
an  idea  to  die  a-borning.  It  needs  a 
good  push,  and  is  going  to  get  it. 
Watch  coming  issues  of  Electron¬ 
ics. 


Story  Of  The  Month  is  the  one 
about  the  engineer  who  had  de¬ 
signed  a  new  gadget  and  asked  a 
market-wise  friend  what  he  thought 
of  it.  Said  the  friend : 

“A  drunk  once  bet  a  bartender  he 
could  taste  any  mixed  drink  and 
identify  it.  The  barkeep  rattled 
some  bottles  to  confuse  the  issue 
and  then  served  a  glass  of  plain 
water.  The  drunk  sipped  and 
thought,  tasted  again  and  admitted 
defeat.  ‘I  don’t  know  what  it  is,’  he 
said,  ‘but  I  can  tell  you  one  thing 
...  it  won't  sell !’  ” 


PAUL  and  BEEKMAN,  Inc. 

Eighteenth  and  Courtland  Streets,  Philadelphia 

SUBSIDIARY  Of  fORTABlE  PRODUCTS  CORPORATION 
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The  following  tests  were  performed  on  the  two  capacitors  with  the  results  noted: 

After  full  voltage  was  applied  the  capacitor  dropped  in  leakage  to  within  our  specification  in  8  minutes — 
at  30  minutes,  the  leakage  current  had  dropped  to  .23  mills — far  less  than  our  guaranteed  limit  of  .8  mills. 

The  capacitors  were  rate<l  10  mfd..  -150  volts — encased  in  our  standard  Ya  x  2"  FP  containers.  The 
actual  capacity  of  one  was  found  to  he  10.3  mfd.,  the  other  10.5  mfd. — series  resistance  of  the  first 
was  5.83  ohms,  the  other  4.28  ohms — the  series  resistance  limit  is  24  ohms.  All  of  the  characteristics 
are  well  within  our  limits. 

CORROSION-FREE 


One  of  the  two  units  was  opened  for  internal  inspection  and  w'as  found  to  be  completely  corrosion- 
free — the  electrolyte  was  moist  and  in  perfect  condition.  As  this  is  written,  the  other  is  still  on 
life  test,  giving  excellent  results. 

This  dramatic  evidence  of  Mallory  top  quality  proves  again — 


YOl  EXPECT  MORE  AND  GET  MORE  FROM  MALLORY 


Another  Mallory 
Case  History- 


Remarkable 
Shelf  Life ! 


would  be  subjected  to  the  extremes  of  outside  weather. 
At  the  beginning  of  the  war  our  engineer  enlisted  in  the 
Signal  Corps  and  forgot  about  his  experiment.  Recently 
he  discovered  the  capacitors,  which  for  nine  years  had 
been  subjected  to  the  heat  and  cold  of  outdoor  weather 
conditions.  They  had  withstood  the  elements  with  remark¬ 
able  success. 


Many  years  ago  the  Mallory  FP  capacitor  became 
standard  as  a  high  quality,  low  cost  space  saver,  with 
self  contained  mounting  features.  Now  two  of  the  first  of 
these  famous  capacitors  have  come  to  light,  with  con¬ 
vincing  proof  of  their  remarkable  shelf  life  characteristics. 


Elarly  in  1938,  one  of  our  engineers  stored  two  of  these 
first  capacitors,  without  voltage,  near  his  home,  where  they 


CAPACITORS 


(ELECTROLYTIC,  OIL  and  WAX) 
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CROSS 


►ATHLETE  ...  A  correspondent  informs  us  that  a 
trespasser  was  apprehended  some  months  ago  at 
WOR’s  Carteret,  N.  J.  broadcasting  plant.  When  found 
he  was  dangling  his  bare  feet  in  one  of  the  ponds, 
through  which  cooling  water  is  circulated,  claiming 
it  was  a  cure  for  a  bad  case  of  athlete’s  foot.  Turns 
out  that  copper  sulphate,  dumped  into  the  pond  to 
clear  it  of  algae  and  other  vegetable  matter,  is  a  rec¬ 
ognized  treatment  for  the  ailment.  This  story  has 
the  ring  of  authenticity. 

Local  farmers  are  at  it  again  in  other  departments 
of  the  story-telling  art.  It  appears:  (1)  Casey’s 
creek,  a  small  body  of  water  near  the  station,  gives 
out  with  the  programs;  (2)  so  do  the  water  faucets 
In  nearby  farmhouses;  (3)  lights  in  hen  coops  can¬ 
not  be  turned  off  while  the  station  is  on  the  air,  re¬ 
sulting  in  greatly  increased  egg  production  and 
weary  hens;  (4)  cows  grazing  on  grass  growing  on 
the  station  plot  produce  twice  as  rich  milk  as  cows 
restricted  to  less  vital  pasture.  Our  favorite  is  the 
athlete,  dangling  his  feet  and  munching  idly  on  a 
spear  of  tall  (vital)  grass. 

►LIGHT . . .  The  radio  business,  we  remind  ourselves, 
is  based  on  a  simple  technique,  accelerating  electrons 
back  and  forth  along  a  wire  at  a  sufficiently  rapid 
rate  to  cause  the  radiation  of  energy.  By  dint  of 
much  struggle,  the  rate  of  the  alternating  accelera¬ 
tions  has  been  pushed  up  to  100  billion  per  second, 
producing  waves  a  fraction  of  a  centimeter  long. 

Now  comes  word  that  this  technique  has  been  ap¬ 
plied,  by  members  of  the  G.  E.  Research  Laboratory 
at  Schenectady,  to  accelerate  electrons  so  fast  that 
they  produce  not  microwaves  but  visible  light,  at 
frequencies  in  the  range  of  10“  cycles  per  second,  or 
a  hundred  million  megacycles.  The  technique,  des¬ 
cribed  recently  in  Electron  Art  (p  136,  September), 
involves  the  rapid  whirling  of  an  electron  beam  in 
the  70-million  volt  synchrotron,  accompanied  by  ra¬ 
dial  deceleration  or  acceleration  in  a  magnetic  field. 

There  are,  of  course,  simpler  ways  of  producing 
light,  by  bouncing  electrons  -against  atoms  in  an 
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incandescent  lamp  filament,  for  example.  But  this  is 
the  first  direct  observation  of  acceleration  of  an  elec¬ 
tron,  analagous  to  feeding  current  to  an  antenna,  to 
make  it  produce  its  own  light.  The  achievement  be¬ 
speaks  a  new  extension  o*f  our  control  over  electrons, 
of  no  commercial  value  for  the  present,  but  of  great 
scientific  interest. 

►COMPUTERS . . .  J.  R.  Newman,  writing  in  a  re¬ 
cent  issue  of  the  New  Republic  (p  14,  June  23,  1947), 
has  produced  a  brilliant  essay  on  electronic  com¬ 
puters,  one  of  the  finest  examples  of  technical  writ¬ 
ing  for  the  layman  we  have  seen.  Among  the  many 
acute  observations  made  are  three  we  think  should 
particularly  interest  the  engineer:  First,  the  awful 
complexity  of  the  big  tomputers  (18,000  tubes  in  the 
ENIAC)  is  giving  way  to  simpler  organisms  of  even 
greater  power.  The  MANIAC,  (the  rumored  name  of 
von  Neumann’s  Princeton  machine,  for  “mechanical 
and  numerical  integrator  and  calculator’’)  will  do 
everything  that  ENIAC  will  do,  but  has  less  than 
1,000  tubes.  Second,  the  introduction  of  memory  de¬ 
vices  and  alternate-sequence  programming  circuits 
(which  automatically  select  a  future  course  of  com¬ 
putation  based  on  a  numerical  result  achieved  dur¬ 
ing  the  course  of  solving  the  problem,  without  human 
intervention)  has  endowed  the  machines  with  rudi¬ 
mentary  “personalities’’  and  subjected  them  to  psy¬ 
chic  disturbances.  They  may  even  develop  dual  per¬ 
sonalities  and  attempt,  like  any  schizophrenic,  to  go 
off  in  two  directions  at  once.  Third,  the  vast  saving 
of  time  afforded  by  electronic  computation,  is  parti¬ 
cularly  vivid  in  Newman’s  words.  The  ENIAC,  tak¬ 
ing  into  account  wind  direction  and  velocity,  air  tem¬ 
perature,  rotation  of  the  earth  and  spin  of  a  projec¬ 
tile,  will  compute  the  trajectory  of  the  shell  in  less 
time  than  it  takes  the  shell  to  reach  its  destination. 
D.  R.  Hartree  the  English  physicist  (who,  inciden¬ 
tally,  helped  us  to  understand  how  a  multicavity  mag¬ 
netron  works),  spent  fifteen  years  of  his  life  comput¬ 
ing  atomic  structures.  The  job  could  have  been  done 
by  electronic  computers  in  hours,  or  days  at  the  most. 
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TO  DEVELOP  50  kilowatts  for  the 
so-called  f-m  high  band  new 
tubes  and  new  circuit  techniques 
are  necessary.  This  is  a  descrip¬ 
tion  of  the  100.5-mc  transmitter 
of  KSBR,  designed  and  built  for 
Radio  Diablo,  Inc.  by  Eitel-McCul- 
lough.  The  transmitter  has  been 
operating'  experimentally  since 
April  23  from  a  temporary  location 
in  the  latter’s  laboratory  at  San 


Bruno.  It  will  soon  be  installed  on 
3,800-ft.  Mt.  Diablo,  overlooking  the 
San  Francisco  Bay  area. 

Starting  from  a  Radio  Engineer¬ 
ing  Laboratories,  Inc.  dual-channel 
phase-shift  modulator  and  fre¬ 
quency  multiplier  chain,  the  trans¬ 
mitter  requires  only  three  air¬ 
cooled  stages  to  reach  the  50-kw 
output  level,  as  shown  in  Fig.  1. 
Following  the  modulator  and  fre¬ 


quency-multiplier  unit  is  a  3.5-kw' 
push-pull-parallel  tetrode  stage. 
This  stage  drives  a  push-pull, 
gounded-grid  triode  amplifier  which 
raises  the  power  level  to  13  kw.  A 
50-kw  grounded-grid  stage  follows, 
with  either  two  four-unit  triodes  in 
push-pull  or  eight  single  triodes  in 
push-pull-parallel.  All  stages  fol¬ 
lowing  the  modulator  operate  from 
a  common  power  supply,  at  an  effi- 
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KSBR’s  50-kw  High-Band 
F-M  Transmitter 


Operating  experimentally  on  100.5  me  since  April  23  at  the  maximum  power  permitted 
by  the  FCC,  the  equipment  described  is  nearing  commercial  perfection.  Details  of  the  r-f 
section,  employing  unique  tank  circuits  and  a  new  multi-unit  tube,  are  given 
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ciency  (total  d-c  plate  input  to  use¬ 
ful  output  to  the  transmission  line) 

^  of  68  per  cent. 

3.5*liw  Amplifier 

.  The  3.6-kw  stage,  shown  in  Fig. 
2,  at  present  consists  of  four 
4X500F’s  in  a  push-pull-parallel  ar- 
.  rangement  driven  directly  from  the 
82&B  output  stage  of  the  exciter 
unit.  These  tubes  operate  at  an 
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overall  efficiency  of  approximately 
72  percent.  Neutralization  is  ac¬ 
complished  by  tuning  the  screen 
grids  to  ground.  This  stage  will 
be  replaced  by  four  4X500A’s,  which 
do  not  require  neutralizing  at  f-m 
broadcast  frequencies. 

The  cooling  system  used  in  the 
3.5-kw  amplifier  is  unusual,  and  is 
similar  to  that  used  in  all  air-cooled 
stages  in  the  transmitter.  Conven¬ 


tional  practice  in  air  cooling  tubes 
is  to  have  the  cooling  air  enter  the 
open  end  of  the  anode  cooler  and 
leave  through  the  base  end.  In  a 
vhf  transmitter  using  linear  tank 
circuits  this  requires  that  air  enter 
through  the  anode  tank  lines  and 
exhaust  into  the  amplifier  itself.  In 
the  KS6R  transmitter  air  enters 
the  cooler  of  each  air-cooled  tube 
from  the  base  end  and  exhausts 


t. 
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through  the  anode  lines.  The  great¬ 
est  advantage  of  this  system  is  that 
incoming  cool  air  is  passed  over  the 
glass  between  the  adjacent  elec¬ 
trode  seals  as  well  as  over  the  seals 
themselves.  The  principal  disad¬ 
vantage  is  that  the  chamber  con¬ 
taining  the  anode  tank  must  be 
sealed  so  that  air  leakage  direct  to 
atmosphere  does  not  occur.  In  vhf 
apparatus  this  is  a  minor  disad¬ 
vantage,  however,  as  the  amplifier 
anode  circuit  is  normally  completely 
enclosed  by  nearly  air-tight  shield¬ 
ing  to  prevent  r-f  leakage. 


13*kw  Anuplifisr 

A  pair  of  3X2500A3  air-cooled 
triodes  is  employed  in  a  grounded- 
grid  circuit  as  a  second  amplifier, 
shown  in  Fig.  3.  This  amplifier  was 
originally,  designed  to  use  four 
tubes  as  a  so-called  ring  amplifier, 
with  four-conductor  cathode  and 
anode  tank  circuits.  These  tank 
circuits,  which  are  the  resonant-line 
equivalent  of  a  four-wire  transmis¬ 
sion  line  in  which  diagonal  wires 
are  connected  in  parallel,  have  the 
advantage  of  reducing  the  surge 
impedance  to  less  than  half  the 
value  of  a  two-wire  line  of  equiva¬ 
lent  spacing-to-diameter  ratio. 

Initial  tests  indicated  that  it 
would  be  feasible  to  develop  well 
over  the  required  10  kw  with  two 
tubes,  and  the  amplifier  was  there¬ 
fore  converted  to  push-pull  opera¬ 
tion,  using  two  conductors  of  the 
original  four  in  each  tank  circuit. 

To  preserve  symmetry  in  the  cab¬ 
inet,  two  of  the  conductors  which 
had  been  at  diagonal  corners  of  the 
four-conductor  tank  circuit  were 
used.  The  resulting  tank  circuits 
have  high  surge  impedance  and  the  The  60-kw  final  amplifier  tank 
cathode  tank  circuit,  which  has  the  circuits  are  illustrated  in  the  draw- 


FIG.  2 — 3.S-kw  push-pull-porollel  stag*  oi 
50-kw  i-m  tronsmittar 


FIG.  3 — 13-kw  push-pull  stag*,  onod*  tank 
at  top  and  cathod*  tank  at  bottom 


highest  shunting  capacitance,  is 
quite  short  at  the  high-frequency 
end  of  the  f-m  band.  For  operation 
at  frequencies  above  105  me,  coup¬ 
ling  to  the  amplifier  from  the  pre¬ 
ceding  stage  would  be  simplified  by 
the  use  of  closer  tank-conductor 
spacing  and  the  resulting  increase 
in  physical  line  length. 


ing  and  adjacent  photos  appearing 
on  the  first  pages  of  this  article  and 
the  complete  amplifier  is  pictured 
in  Fig.  4.  It  uses  a  pair  of 
3X12500A3  triodes  in  a  grounded- 
grid  circuit.  The  3X12500A3  is  a 
new  multi-unit  thoriated-filament 
triode  designed  specifically  for  the 
purpose  of  efficiently  producing  an 
output  of  25  kw  per  tube  at  f-m  fre- 
but  is  obviously  suited 


SO'kw  Amplifier 


quencies, 
to  a  number  of  other  applications. 
Figure  5  shows  the  tube,  which  con¬ 
sists  basically  of  four  units  of  the 
3X2500 A3  type  assembled  on  a  com- 
Low-inductance 


mon  mounting, 
discs  interconnect  the  filament  and 
grid  terminals  of  the  four  units. 
Grid  and  filament  contact  finger.^ 
are  provided  on  the  tube,  so  that 
the  socket  consists  simply  of  con¬ 
centric  rings  against  which  the 
tube  is  held  by  suitable  clamping 
The  four  units  are  assem- 


means. 

bled  in  their  mounting  in  such  a 
way  that  individual  units  may  be 
replaced  at  the  factory. 

In  any  amplifier  using  air-cooled 


FIG.  1 — ^Block  diagram  oi  the  50-kw  i-m  transmitter 
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FIG.  7 — Dummy  load  used  in  testing  the  KSBR  50-kw  transmitter 


ment,  is  located  on  the  transmis¬ 
sion  line  near  the  point  where  it 
connects  to  the  coupling  loops,  to 
allow  tuning  out  the  reactance  of 
the  loops. 

Operation 

Typical  operating  conditions  for 
the  three  amplifier  stages  are  given 
in  Table  I.  The  amplifier  delivers 
50  kw  at  100.5  me  with  relative 
ease.  A  power  output  of  58  kw  has 
been  obtained  without  exceeding 
tube  ratings. 

The  most  difficult  problem  en¬ 
countered  in  the  design  of  the  50- 
kw  stage  was  the  coupling  circuit 
used  between  the  amplifier  and  its 
preceding  driver  stage.  The  rms 
cathode-to-cathode  voltage  on  the 
amplifier  is  only  about  1,500  volts. 
The  power  delivered  to  the  ampli¬ 
fier  cathode  circuit  is  approximately 
13  kw,  resulting  in  a  cathode-to- 
cathode  impedance  of  approxi¬ 
mately  180  ohms. 

Originally  the  coupling  system 
between  the  amplifier  and  its  driver 
consisted  of  a  length  of  three-inch 
50-ohm  coaxial  line  coupled  by  rela¬ 
tively  small  loops  to  the  plate  cir¬ 
cuit  of  the  driver  and  the  cathode 
circuit  of  the  amplifier.  Two  coaxial 
stubs  spaced  one-eighth  wavelength 
apart  were  located  on  this  line  near 

84 


the  amplifier  end.  In  order  to  pass 
sufficient  current  through  the  coup¬ 
ling  loop  at  the  amplifier  end  to 
couple  to  the  low-impedance  cathode 
circuit,  it  was  necessary  to  have  a 
high  standing-wave  ratio  in  the  sec¬ 
tion  between  the  stubs  and  the  am¬ 
plifier.  This  resulted  in  a  very  high 
voltage  point  one-fourth  wave  back 
from  the  coupling  loop  with  conse¬ 
quent  frequent  flashovers.  The 
present  coupling  system  consists  of 
a  pair  of  i-inch  copper  tubes  spaced 
inches  and  connected  to  the  cath¬ 
ode  tank  near  the  cathode  end.  By 
means  of  a  single  movable  stub  on 
this  line  it  is  possible  to  reduce  the 
standing-wave  ratio  to  a  point 
where  the  losses  are  tolerable,  and 
at  the  same  time  obtain  sufficient 


coupling  to  the  cathode  tank  cir¬ 
cuit.  " 

Oetpvt  Meaturementt 

Output  measurements  on  the 
transmitter  have  been  made  by  use 
of  a  calorimeter  load  shown  in  Fig. 
7.  This  load  consists  of  a  two-wire 
transmission  line  of  i-inch  black 
iron  pipe  with  6-inch  spacing.  The 
line  is  40-feet  long,  and  is  folded 
back  on  itself  to  make  an  overall 
length  of  8  feet.  Both  ends  of  the 
line  are  shorted,  and  an  additional 
adjustable  shorting  strap  is  pro¬ 
vided  at  the  end  opposite  that  at 
which  the  power  is  applied.  Cooling 
water  enters  at  a  tee  in  the  Iqwer 
fixed  shoi;t  and  travels  through  both 
pipes  in  parallel,  leaving  by  way  of 
a  tee  at  the  upper  short.  Power  is 
applied  through  a  two-wire  trans¬ 
mission  line  from  the  transmitter 
which  is  tapped  onto  the  load  near 
the  upper  short.  Standing  waves  in 
the  transmission  line  from  the 
transmitter  are  eliminated  by  ad¬ 
justing  the  tap  point  and  the  posi¬ 
tion  of  the  lower  movable  shorting 
strap.  Complete  shielding  of  the 
load  is  necessary  to  prevent  loss  of 
power  by  radiation.  With  a  water 
flow  of  approximately  5  gallons  a 
minute,  a  temperature  rise  of  140 
F  is  obtained  in  the  water  passing 
through  the  load.  Power  is  calcu¬ 
lated  from  the  rate  of  fiow,  tem¬ 
perature  rise  and  the  specific  heat 
of  water. 

There  is  some  radiation  of  power 
from  the  transmission  line  between 
the  transmitter  and  the  load,  and 
also  some  resistance  loss  in  the 
transmission  line.  These  losses 
have  been  neglected  in  Table  I.  Al¬ 
lowance  for  the  losses  might  in¬ 
crease  the  transmitter  power  output 
figure  by  one  or  two  kilowatts. 


Table  I — Operating  Conditions  in  Last  Three  Stages 


First  Amplifier 
(Four  4X500F) 

Second  Amplifier  Power  Amplifier 
(Two  3X2500A3)  (Two  3X12500A3) 

D-C  plate  voltage . 

.  3,7.'>0 

4,000 

4,000 

D-C  plate  current  (amp) . . 

1.3 

3.5 

13.5 

D-C  grid  voltage . 

-200 

-.500 

-.500 

D-C  grid  current  (amp) . . . 
D-C  screen  voltage . 

0.075 

500 

0.5 

1.8 

D-C  screen  current  (ma) . . 

0.0.55 

Driving  power  (approx,  kw) 

0.050 

3.2* 

12.5* 

Useful  power  output  (kw). . 

3.5(2) 

13* 

50 

*Discrepancie8  between  driving  fx>wer  and  power  output  of  preceding  stages  are 
due  to  losses  in  coupling  circuits. 
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one-eighth  wavelength  long  at  res¬ 
onance.  The  shorting  plate  is  simi¬ 
lar  to  the  one  used  in  the  cathode 
circuit,  except  for  a  larger  outer 
dimension  to  accommodate  the 
larger  shield. 

Power  is  taken  from  the  anode 
circuit  by  means  of  two  loops  which 
enter  from  above  and  project 
through  slots  in  the  shorting  plate 
into  the  field  around  the  conduc¬ 
tors.  The  two  loops  are  connected 
in  parallel  at  their  upper  ends,  and 
feed  an  dpen-wire  transmission  line 
leading  to  the  antenna.  The  coup¬ 
ling  loops  are  supported  at  their 
upper  ends  by  a  piece  of  sheet 
Tefion,  which  can  be  driven  up  or 
down  by  lead  screws  to  allow’  ad¬ 
justment  of  the  amount  of  coupling 
to  the'  anode  circuit.  A  single  stub, 
adjustable  as  to  length  and  place- 


proximately  150  {x/xf,  which  makes 
it  necessary  to  employ  as  a  cathode 
tank  a  balanced  line  having  a 
surge  impedance  in  the  neighbor¬ 
hood  of  ten  ohms  if  the  circuit  is 
to  be  used  on  its  fundamental  mode. 
An  unshielded  two-conductor  line 
of  this  impedance  would  have  a 
spacing-to-conductor-diameter  ratio 
of  about  1.005,  and  would  there¬ 
fore  require  impossibly  large  con¬ 
ductors  if  the  conductor-to-conduc- 
tor  spacing  were  any  reasonable 
value.  Most  of  the  r-f  current 
would  flow  in  a  small  section  of  the 
conductors  where  they  faced  each 
other,  with  the  result  that  unequal 
excitation  voltages  would  be  sup¬ 
plied  to  the  four  cathodes  on  the 
end  of  each  conductor. 

The  cathode  tank  circuit  used  is 
shown  in  the  drawing  and  an  ad¬ 
jacent  photo  and  consists  of  two 
12-inch  diameter  conductors  on  14- 
inch  centers.  These  two  conductors 
are  completely  enclosed  by  an  oval 
shield  spaced  one-half  inch  from 
the  conductors.  The  conductors  and 
the  shield  are  fabricated  from  sheet 
copper  stock.  Tuning  of  the  cathode 
tank  circuit  is  accomplished  by 
changing  the  position  of  a  shorting 
plate,  shown  in  Fig.  6,  which  con¬ 
tacts  the  two  tank  conductors  and 
the  shield.  The  shorting  plate  is 
moved  by  means  of  four  lead 
screws  which  are  linked  together  by 
chain  and  operated  from  a  panel 
control  through  bevel  gears.  At 
resonance  the  cathode  tank  circuit 
is  approximately  one-eighth  wave¬ 
length  long. 


FIG.  4 — The  complete  power  ompliiier  de 
signed  and  built  for  KSBR 


tubes  and  capable  of  delivering  50 
kw  at  100.5  me  the  transverse  di¬ 
mensions  of  the  tank-circuit  con¬ 
ductors  themselves  tend  to  become 
an  appreciable  portion  of  a  quarter 
wavelength,  and  it  is  possible  for 
voltage  differences  to  exist  between 
points  on  the  end  of  a  conductor 
which  should  be  at  the  same  poten¬ 
tial.  For  this  reason,  it  was  deemed 
advisable  for  the  initial  tests  on 
the  50-kw  stage  to  employ  separate 
3X2500A3  tubes  rather  than  group¬ 
ing  them  together  on  common 
mounting  surfaces.  Separate  tubes 
combined  with  separate  anode 
blocking  and  grid  by-pass  capaci¬ 
tors  allow  individual  metering  of 
the  grid  and  anode  currents,  so 
that  the  degree  of  loading  and  ex¬ 
citation  to  each  tube  can  easily  be 
observed.  The  amplifier  is  arranged 
so  that  it  will,  with  minor  modifica¬ 
tions,  accommodate  eight  type 
3X2500A3’8  in  push-pull-parallel  or 
two  3Xl2500A3’s  in  push-pull. 

The  cathode-to-cathode  input  ca¬ 
pacitance  of  the  amplifier  is  ap¬ 


FIG.  5 — Eunoc  3X12500A3  multi-unit  triode. 
two  of  which  are  used  in  the  KSBR  50-kw 
f-m  transmitter  finol  r-i  amplifier 


Tank  Cirenit  Details 

Dividing  the  amplifier  into  two 
separate  sections  is  a  i-inch  thick 
24-inch-by-36-inch  duraluminum 
plate,  which  serves  as  an  isolating 
shield  between  cathode  and  anode 
circuits.  The  cathode-tank  shield 
is  fastened  firmly  to  the  lower  face 
of  the  shield. 

The  anode  tank  circuit  is  similar 
to  the  cathode  tank  circuit.  In  the 
anode  circuit,  however,  the  spacing 
between  the  conductors  and  the 
shield  is  one  inch,  as  the  anode  tank 
does  not  need  to  be  as  low  in  surge 
impedance  as  the  cathode  circuit. 
When  shunted  by  the  output  capaci¬ 
tance  of  the  amplifier  tubes,  the 
anode  tank  circuit  is  slightly  over 


FIG.  6 — MoTable  shorting  plate  used  to 
tune  final  r-f  amplifier  cathode  circuit 
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UHF  HEATING 
of  Frozen  Foods 


Problems  encountered  in  developing  1,050-mc  continuous-wave  magnetron  oscillator 
equipment  for  thawing  and  heating  precooked  frozen  food.  Operating  at  a  frequency  com¬ 
parable  to  the  newly  allocated  915-mc  hand  for  electronic  heating,  the  unit  makes  a  vege¬ 
table,  potato,  and  meat  too  hot  to  eat  in  70  seconds 


Elecironict  Department,  Oeneral  Electric  Company,  Syracute,  Veic  York 


Thawing  and  heating  precooked 
frozen  meals  electronically 
offers  several  advantages.  When 
these  meals  are  heated  by  conven¬ 
tional  methods  such  as  a  hot-air 
oven,  the  thawing  and  heating  time 
is  never  better  than  15  minutes. 
This  factor  alone  limits  use,  parti¬ 
cularly  in  restaurants.  When  the 
heating  is  done  in  a  minute  the  res¬ 
taurant  can  prepare  food  in  off- 
peak  hours,  keep  its  menu  in  deep 
freeze  and  thaw  and  heat  dinners 
when  they  are  ordered.  Obviously 
such  a  food  dispensing  system  eli¬ 
minates  much  of  the  waste  inherent 
in  present-day  restaurant  methods 
of  food  preparation  and  saves  the 
restaurant  owner  from  the  daily 
losses  which  he  now  suffers  because 
he  has  to  guess  what  his  volume  of 
business  will  be. 

Electronic  heating  of  food  pro¬ 
duces  the  heat  from  within.  There¬ 
fore,  the  only  thing  that  heats  in 
the  electronic  oven  is  the  food. 
Since  at  the  frequency  involved  a 
heating  unit  is  about  50-percent 
efficient,  food  thawing  and  heating 
by  electronic  means  can  be  made 
capable  of  operation  at  higher  effi¬ 
ciencies  than  by  the  conventional 
conduction  methods. 

Investigation  of  food  thawing 
and  heating  using  the  ultra-high- 
frequency  band  was  conducted  pri¬ 
marily  because  arcing  between  food 


Only  70  seconds  ato  required  to  heot  o  irosen  meol  from  sero  Fahrenheit  to  a 
temperature  too  hot  to  eat 
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Rear  view  of  electronic  heater.  Heating  cavity  on  top  shelf. 
Rectifier  tubes  at  left,  transmission  line  in  center,  and  control 
circuits  to  right  of  second  shelf.  Air  blower  and  power  trans¬ 
former  occupy  the  bottom  portion  in  the  cabinet 


Front  view  of  heater.  A  slotted  door  provides  access  to  the 
heating  cavity  and  is  operated  by  the  foot  treadle  at  bottom 
of  the  unit.  Electronic  control  chassis  are  lust  visible  on  the 
second  shelf.  A  water  line  is  used  for  cooling 


masses  occurred  at  frequencies  of  for  the  same  amount  of  heating  by 


40  megacycles  and  below.  This  arc¬ 
ing  started  before  sufficient  power 
could  be  coupled  into  the  food  for 
useful  purposes.  Peas,  for  exam- 


a  factor  of  five.  Arcing  was  elimin¬ 
ated  when  this  procedure  was  fol¬ 
lowed. 

From  this  experience  it  might 


pie,  are  especially  vulnerable  to  be  supposed  that  there  is  no  limit 


tional  coupler  as  well  as  a  slotted 
line  for  indicators  in  matching  the 
impedance  of  the  load  to  that  of 
the  line.  Provisions  were  also  made 
for  inserting  a  triple  stub  or 
movable  sleeve  transformer  for 


this  kind  of  arcing.  The  high  volt¬ 
age  gradient  necessary  for  the  heat¬ 
ing  of  foods  at  lower  frequencies 
rendered  them  impractical. 

It  was,  therefore,  decided  to  use 
a  frequency  approximately  twenty- 
five  times  that  of  the  highest  fre¬ 
quency  used  before  the  war  to  heat 
foods.  Since  heating  is  directly 
proportional  to  frequency  times  the 
voltage  gradient  squared,  increas¬ 
ing  the  frequency  to  1,050  megacy¬ 
cles  lowered  the  voltage  gradient 


to  how  high  one  can  go  in  frequency 
for  the  heating  of  food.  But  this 
is  not  the  case.  Penetration  diffi¬ 
culties  are  apparent  as  soon  as  a 
frequency  of  much  over  1,000  mega¬ 
cycles  is  exceeded. 

Eqaipment  Used 

Figure  1  shows  the  basic  ele¬ 
ments  of  the  developmental  setup. 
The  three  and  one-eighth  inch 
transmission  line  from  the  magne¬ 
tron  was  equipped  with  a  direc¬ 


impedance  matching.  Various  load 
cavities  were  tested  under  this  ar¬ 
rangement  to  determine  their 
characteristics  and  suitability  for 
food  heating. 

Early  heating  of  precooked 
frozen  dinners  by  ultrahigh  fre 
quency  was  carried  out  in  a  wave¬ 
guide-shaped  cavity  using  the  ffo.i . 
mode,  where  n  was  any  whole  num¬ 
ber  between  3  and  6.  See  Fig.  2. 
Input  coupling  was  made  with  a 
variable  probe  length.  The  frozen 
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dinner  plate  was  placed  at  an 'ex¬ 
perimentally  determined  position  in 
the  cavity.  It  was  learned  that  by 
varying  the  input  probe  length  and 
the  position  of  the  dinner  plate 
along  the  cavity,  settings  could  be 
found  which  gave  a  very  good  im¬ 
pedance  match  (small  reflections  of 
power,  see  Fig.  3)  in  the  melted 
or  partially  melted  state.  How¬ 
ever,  impedance  match  in  the  frozen 
state  was  not  as  good. 

Pood  Data  at  UHF 

These  findings  indicate  that  elec¬ 
trical  characteristics  of  food  in  the 
frozen  and  unfrozen  state  are  quite 
different.  Table  I  gives  the  changes 
encountered  in  the  electrical  charac¬ 
teristics  of  various  common  foods 
at  1,000  megacycles.  Note  the 
considerable  variation  in  a  given 
food  between  the  frozen  and  un¬ 
frozen  state.  Peas  at  23C  have  a 
dielectric  constant  of  9  and  loss 
tangent  of  0.6;  the  same  peas  have 
a  dielectric  constant  of  2.5  and  a 


1 


loss  tangent  of  0.2  when  frozen. 

When  it  is  considered  that  every 
food  in  a  precooked  frozen  dinner 
undergoes  an  electrical  change  com¬ 
parable  to  the  change  in  peas,  the 
overall  impedance  change  is  a 
major  problem;  naturally  this  im¬ 
pedance  variation  is  accompanied 
by  a  variable  amount  of  power  re¬ 
flected  back  to  the  generator  during 
the  heating  cycle. 

The  energy  required  to  bring 
food  from  OF  through  the  melt¬ 
ing  point  at  32F  is  about  the 
same  as  the  energy  needed  to  raise 
the  melted  food  from  32F  to  170F. 
As  a  result,  any  system  which  heats 
food  evenly  must  be  able  to  heat 
both  in  the  frozen  and  unfrozen 
state.  No  system  which  couples 
energy  to  only  one  state  of  the  food 
will  work.  This  poses  still  another 
problem :  to  devise  a  heating  cavity 
insensitive  enough  to  impedance 
changes  during  the  heating  cycle  of 
the  food  to  give  a  satisfactory  im¬ 
pedance  match  and,  at  the  same 
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FIG.  1 — Woreguid*  arrangement  uied  for  feeding  uhf  energy  from  the  oscillator 

into  the  food 


4 
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FIG.  2 — Impedance  matching  is  done  by  Tarying  the  probe  length,  the  position  of 
the  food,  and  the  length  of  the  cavity 
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FIG.  3 — Standing-ware  ratio  in  power, 
plotted  against  percent  power  reflected 


time,  heat  the  food  evenly  at  1,050 
megacycles. 

Since  the  plate  is  approximately 
eight  inches  in  diameter,  it  covers 
the  maximum  and  minimum  heat¬ 
ing  area  in  the  modes  set  up  in  the 
cavity.  Consequently*,  at  no  time 
is  uniform  heating  attained  in 
cavities  of  this  type.  Different 
load  configurations,  such  as  taper¬ 
ing  the  load  and  the  cavity  as 
shown  in  Fig.  4,  to  counteract  for 
heating  differentials  were  tried. 
Various  types  of  cavities  producing 
relative  motion  between  the  food 
and  field  were  studied.  None  of  the 
methods  was  entirely  successful 
in  overcoming  differences  in  heat¬ 
ing.  ,  When  the  load  was  moved,  or 
the  field  within  the  cavity  was 
shifted,  difficulty  was  experienced 
in  coupling  power  due  to  overall 
impedance  changes. 

From  the  experiments  in  the 
waveguide-shaped  cavity,  a  number 
of  facts  were  learned  which  tended 
to  clarify  the  problem.  Contrary 
to  what  was  generally  believed  be¬ 
fore  the  developmental  work  was 
undertaken,  heating  is  uneven  in 
both  horizontal  and  vertical  planes. 
Further  analysis  of  this  problem, 
plus  the  fact  that  it  was  much 
easier  to  couple  energy  into  the  un¬ 
frozen  food,  indicated  that  the 
heating  effect  of  frozen  food  is  a 
runaway  proposition.  Once  the  food 
thawed  at  one  point,  that  specific 
spot  had  a  tendency  to  absorb  more 
than  its  proportionate  share  of  the 
energy.  The  configuration  of  the 
electromagnetic  waves  within  the 
cavity  was,  in  a  large  measure,  de- 
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ing  standpoint,  the  previous  no¬ 
tions  of  the  type  of  cavity  to  be 
used  were  changed  to  some  extent. 
Instead  of  dealing  with  high  volt¬ 
ages,  it  was  necessary  to  look  at  the 
problem  from  the  point  of  view  of 
relatively  high  circulating  currents 
which  were  induced  in  the  food  due 
to  its  good  conductivity.  In  other 
words,  the  impedance  match  of  the 
electromagnetic  energy  into  the  po¬ 
tato  was  best  at '  the  low-voltage 
point  in  this  particular  cavity. 

Because  the  ratio  of  the  electric 
vector  to  the  magnetic  vector  in  an 
electromagnetic  field  is  dimension- 
ally  an  impedance,  it  suggests  that 
this  ratio  must  be  the  right  value 
for  correct  impedance  matching 
into  the  food.  This  also  hints  the 
interesting  theory  that  the  heating 
of  foods  at  this  frequency  may  be 
considered  to  be  more  analogous  to 
ultrahigh  frequency  induction  heat¬ 
ing  rather  than  dielectric. 

A  number  of  cavities  were  built 
embodying  the  idea  of  heating  tak¬ 
ing  place  at  the  voltage  minimum. 
As  a  general  rule,  it  was  no  problem 
to  couple  energy  into  food  when  it 
was  placed  at  the  voltage  minimum. 
Under  these  conditions  heating  was 
very  localized  —  any  effort  to 
broaden  the  heating  area  by  mov¬ 
ing  the  food  through  the  heating 
zone,  or  shifting  the  field  by  ex¬ 
ternal  means,  changed  the  imped¬ 
ance  so  much  that  this  type  of  heat¬ 
ing  was  considered  undesirable. 
Since  these  cavities  were  designed 


to  'heat  intensively  at  localized 
points,  it  was  noted  that  some  die. 
tortion  of  the  food  occurred  when 
too  much  energy  was  pumped  into 
it  in  too  short  a  time. 

One  suggestion,  evolved  by  the 
size  of  the  heating  areas,  was  to 
separate  the  food  plate  into  its 
three  component  parts  and  place  the 
plate  so  that  each  part  occupied  a 
distinct  heating  area  in  the  cavity. 
A  waveguide-shaped  cavity  was 
used  and  the  three  units  of  the  food 
plate  were  placed  at  three  separate 
voltage  minima.  Heating  was  un¬ 
even  between  the  three  separate 
units  because  the  food  unit  which 
melted  first  continued  to  absorb 
energy  at'  a  rate  greater  than  its 
proportionate  share  of  the  avail¬ 
able  power. 

No  Aid  from  Steam 

Existence  of  steam  in  a  food  unit 
would  tend  to  equalize  the  tempera¬ 
ture  differential  during  the  heating 
cycle,  it  was  believed.  No  conclus¬ 
ive  results  were  obtained.  By  way 
of  explanation,  the  heating  cycle  is 
obviously  too  fast  for  steam  conduc¬ 
tion  to  exert  any  noticeable  effect. 
Further  experiments  along  this  line 
have  tended  to  confirm  that  it 
makes  little  or  no  difference 
whether  the  food  is  covered  during 
the  process  of  heating. 

Since  the  Q  of  a  cavity  is  propor¬ 
tional  to  the  ratio  of  energy  stored 
to  energy  dissipated,  it  was  believed 
that  a  very  small  cavity  (minimum 


FOOD 


FIG.  4 — ^Taparing  the  eorftv  and  the  food 
load,  at  shown  obore.  proTides  more  uni- 
iorm  heating  but  does  not  entirely  soWe 
the  problem 


termined  by  the  partially  melted 
food.  Thi»  configuration  was  so  set 
up  in  the  cavity  as  to  continue  the 
heating  in  thd  areas  already  melted, 
because  the  high  loss  points  estab¬ 
lish  the  field  configuration  rather 
than  vice-versa. 

Inconclusive  results  were  ob¬ 
tained  in  efforts  to  counteract  this 
tendency  for  food  to  overheat  at 
the  original  points  of  melting.  In 
every  case,  considerable  impedance 
changes  were  experienced,  indicat¬ 
ing  that  the  partially  melted  foods 
were  distorting  the  field  within  the 
cavity  to  the  extent  that  external 
controls  had  little  or  no  effect  upon 
the  overall  picture. 

From  a  frequency  point  of  view, 
tests  have  shown  that  the  runaway 
tendency  in  the  ultrahigh  frequency 
heating  of  precooked  frozen  meals 
is  more  troublesome  when  the  fre¬ 
quency  is  higher.  At  approximately 
3,000  megacycles  this  effect  is  three 
or  four  times  greater. 


Table  I — Characteristics  of  Foods  at  1,000  Megacycles 


Temp,  of  Dielectric  Loss  Penetration 
Test  (C)  Constant  Tangent*  (inches)** 


Specimen 


Beef,  raw .  — 15  I 

Beef,  roasted  .  .^ .  23  21 

Peas,  whole,  boiled .  —15 

Peas,  whole,  boiled .  23  * 

Pork,  raw,  ground .  — 15  i 

Pork,  ground,  50%  fried ...  35  2 

Potato,  boiled .  —15 

Potato,  boiled .  .  23  3 

Spinach,  boiled .  —15  1 

Spinach,  boiled .  23  3 

Squash,  baked .  —15 

Squash,  baked .  23  4 

*  Dielectric  constant  in  complex  form  ist 
Loss  tangent:  tan 


Effect  of  Standiag  Waves 

Early  tests  also  indicated  another 
condition  of  heating  which  was  not 
wholly  apparent  when  the  tests 
were  first  undertaken.  By  measur¬ 
ing  the  standing  wave  in  a  wave¬ 
guide-shaped  cavity  in  which  a  very 
thin  layer  of  mashed  potatoes  was 
placed,  it  was  found  that  the  great¬ 
est  heating  effect  took  place  at  the 
point  of  voltage  minimum.  Since 
this  problem  was  originally  ap¬ 
proached  from  the  dielectric  heat- 


Depih  at  which  power  density  falls  to 
0.6  of  the  surface  value,  e  ■■  2.7183 
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size  for  the  frequency  used)  would 
have  a  low  Q  and  therefore  good 
characteristics.  Many  of  these 
cavities  presented  excellent  loading 
qualities,  both  in  the  frozen  and 
unfrozen  state,  and  could  be  con¬ 
sidered  satisfactory  from  this 
standpoint  alone.  Unfortunately, 
the  cavities  were  small  and  the  food 
had  to  be  located  very  close  to  the 
coupling  loop.  Invariably,  the  food 
nearest  the  loop  was  badly  burned 
ana  distorted  by  the  high  energy 
level  at  thi.®  portion  of  the  cavity. 

Changes  made  in  the  interior 
cavity  structure,  either  by  shield¬ 
ing  or  by  sp.acing  the  loop  from  the 
food,  did  not  entirely  overcome  this 
difficulty.  It  should  be  pointed  out 
that  a  low-Q  cavity  similar  to  the 
type  described  was  used  with  con¬ 
siderable  success  at  one  kilowatt  of 
power.  Provided  the  power  level 
is  low  enough  (heating  cycle  long) 
cavities  operate  with  fair  results. 

Foolproof  Dotign  Noodod 

Cavity  designs  which  will  oper¬ 
ate  satisfactorily  for  heating  pre¬ 
cooked  frozen  meals  were  only  part 
of  the  overall  problem.  There 
were  certain  requiremehts  to  con¬ 
tribute  to  the  unit’s  ease  of  opera¬ 
tion  in  limited  floor  space.  Since 
it  must  be  presumed  that  the  elec¬ 
tronic  oven  will  be  operated  by  as¬ 
piring  short-order  cooks,  the  opera¬ 
tion  of  such  an  oven  must  be  as 
nearly  automatic  as  possible.  No 
delicate  external  tuning  adjust¬ 
ments  for  use  during  the  heating 
cycle  can  be  tolerated  and  the  oven 
must  be  able  to  handle  a  wide  va¬ 
riety  of  meals.  Undoubtedly  most 
operators  will  be  inclined  to  experi¬ 
ment  and  treat  the  unit  as  a  toy, 
so  provisions  must  be  made  so  that 
the  equipment  will  not  be  damaged 
with  any  kind  of  load.  Finally,  such 
an  oven  is  limited  in  the  floor 
!  space  it  must  occupy  because  it  will 
be  used  where  floor  area  is  very 
much  at  a  premium. 

Equipment  has  been  developed 
which  substantially  meets  the  gen¬ 
eral  requirements.  For  all  intents 
and  purposes,  it  is  automatic  in  its 
operation.  A  power  switch,  a  load 
timer  (0-120  sec),  and  a  foot  treadle 
are  the  only  controls  necessary 


Compute  magnetron  and  cutaway  eiew  showing  internal  construction.  A  continuous-woTe 
type,  it  is  capable  oi  providing  live  kilowatts  oi  output  power  at  1.050  megacycles 


for  operation.  When  the  unit  is 
turned  on,  a  40-second  time  delay 
prevents  the  use  of  the  equipment 
until  the  tubes  are  heated.  As  soon 
as  the  green  indicator  light  above 
the  power  switch  lights,  the  oven  is 
ready  for  operation.  This  is  done 
by  merely  placing  the  frozen  meal 
in  the  oven  and  stepping  on  the 
foot  treadle;  from  then  on,  the  op¬ 
eration  is  automatic.  The  cavity 
door  slides  into  place,  power  is  ap¬ 
plied,  and  the  meal  heats  as  long 
as  the  load  timer  dictates. 

When  the  heating  cycle  is  over, 
power  is  cut  off  and  the  cavity  door 
drops  down.  All  the  operator  need 
do  is  remove  the  heated  meal  from 
the  electronic  oven  and  the  machine 
is  ready  to  begin  a  new  heating  cy¬ 
cle.  While  power  is  being  applied 
to  the  food,  a  red  indicator  light 
above  the  timer  shows.  By  pressing 
this  indicator  light  any  time  during 
the  heating  cycle,  heating  can  be 
terminated  and  the  cavity  door  will 


drop  down.  The  equipment  is  so 
designed  that  the  operator  is  pro¬ 
tected  by  the  usual  door  interlocks 
and  other  means. 

Due  to  the  great  number  of  vege¬ 
tables  and  meats  that  comprise  a 
meal,  precooked  frozen  dinners  pre¬ 
sent  an  almost  infinite  number  of 
combinations.  Our  experience  has 
indicated,  nevertheless,  that  with 
one  or  two  exceptions,  the  electronic 
oven  will  handle  this  wide  variety 
of  dinner  combinations  with  satis¬ 
factory  uniformity.  Tests  have 
shown  that  12-ounce  precooked 
frozen  dinners,  consisting  of  a 
vegetable,  potato,  and  meat,  can  be 
heated  from  OF  to  a  temperature 
too  hot  to  eat  in  70  seconds.  The 
meals  were  not  specially  prepared 
for  use  in  this  equipment,  but  were 
a  standard  commercially  produced 
product.  They  were  refrigerated 
months  earlier,  then  reconstituted 
to  the  peak  of  cooking  freshness  in 
70  seconds. 
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Typical  ins'aUaUon  ol  anianna  array  for  tIiI  omnidlroctional  radio  rang*.  Tho  iiTo  loop  oloinents  aro  in  the  email  etructure  atop  th« 
30-ioot-diameter  circular  counterpoise,  and  are  connected  to  the  transmitter  in  the  building  below  by  means  oi  solid-dielectric  cobU 


Status  of  VHF  Facilities 
for  Aviation 


The  VHF  RAD'O  PROGRAM  of  the 
Civil  Aeronautics  Administra¬ 
tion  has  three  main  parts:  (A) 
vhf  radio  ranges  for  air  navigation ; 
(B)  vhf  localizers  and  markers  for 
instrument  landing  systems  at  air¬ 
ports;  (C)  vhf  communication  be¬ 
tween  ground  stations  and  air¬ 
planes. 

The  vhf  ranges  will  ultimately  re¬ 
place  the  present  network  of  low- 
frequency  four-course  aural  ranges. 
The  changeover  from  the  latter 
type  of  facility  is  dictated  by  two 
basic  factors:  (1)  the  need  to  avoid 
or  minimize  the  problem  of  natural 
interference  such  as  atmospherics, 
which  is  very  severe  in  the  200-400 
kc  band;  (2)  the  need  to  move  into 
a  portion  of  the  spectrum  less  con¬ 
gested  than  the  lower  band.  The 
present  network  of  low-frequency 
aids  more  than  saturates  the  band, 
and  yet  is  not  adequate  for  the 


needs  of  air  navigation.  The  im¬ 
portance  of  these  two  factors  to  the 
safety  and  dependability  of  air 
navigation  is  absolutely  paramount. 

Since  the  vhf  facilities  operate 
at  frequencies  which  can  be  re¬ 
ceived  only  within  line-of -sight  dis¬ 
tances,  approximately,  it  follows 
that  for  aircraft  at  an  altitude  of 
1,000  feet  above  the  terrain  the 
service  area  has  a  radius  of  the 
order  of  36  to  40  miles.  This  type 
of  facility  is  therefore  classified 
as  a  short-distance  navigation  aid. 
The  frequency  channels  can  there¬ 
fore  be  repeated  at  certain  geo¬ 
graphical  intervals — in  this  case, 
500  miles  based  on  a  maximum  al¬ 
titude  of  18,000  feet.  The  frequency 
band  available  for  this  use  (112-118 
me)  permits  30  channels  200  kc 
wide  and  the  geographical  distri¬ 
bution  is  on  this  basis.  When  and 
if  receiver  manufacturers  develop 


a  more  practical  and  reasonably 
priced  receiver  capable  of  handling 
100-kc  spacing  and  channels,  the 
available  frequencies  will  be,  of 
course,  effectively  doubled.  (Pres¬ 
ent  equipment  capable  of  100-kc 
spacing  is  too  expensive  for  all  but 
large  types  of  commercial  aircraft.) 

The  vhf  ranges  provide  all  of  the 
services  now  available  with  the  low- 
frequency  aids  and  at  the  same  time 
furnish  additional  information  and 
greater  flexibility  of  use. 

The  instrument  landing  system 
runway  localizer  is  also  in  the  vhf 
band  for  the  above  reasons  as  well 
as  for  added  convenience.  Its  func¬ 
tion  requires  a  radiation  space  pat¬ 
tern  of  such  sharpness  as  to  result 
in  an  impracticable  antenna  array 
at  frequencies  much  below  those 
now  in  use  (about  110  me).  These 
circumstances,  combined  with  ju¬ 
dicious  system  design  in  such  mat- 
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FIG.  1 — Antanna  array  and  tronsmittar  aquipmant  uMd  at  ground  station  oi  Thf  omnidiractionol  ranga.  which  oparatei  in  tha  band 
from  112  to  118  me.  With  distance-maosuring  equipment  in  aircraft,  one  station  like  this  is  sufficient  for  an  absolute  fix 


Technical  details  of  the  vhf  omnidirectional  radio  range  now  being  installed  throughout 
the  country  by  CAA  for  short-range  air  navigation,  along  with  operating  principles  of 
glide-path  portion  of  CAA  instrument  landing  system  and  new  phase-comparison  localizer 
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ters  as  modulation,  have  resulted  in 
a  single  airborne  unit  for  the  use 
of  both  ranges  and  runway  localiz¬ 
ers.  The  desirability  of  this  situ¬ 
ation  is  obvious. 

The  markers  of  the  instrument 
landing  system  (ILS)  are  in  the  vhf 
band,  but  the  glide  path  is  not  (it 
operates  at  about  335  me).  The 
system  will  be  discussed  below  in 
its  entirety  since  the  particular 
glide  path  frequency  is  not  inherent 
in  the  functional  aspects  of  the  ILS 
as  a  whole. 

In  the  problem  of  ground-air- 
ground  communication,  the  basic 
considerations  are  again  freedom 
from  natural  interference  and  ade¬ 
quate  frequency  channels  to  pro¬ 
vide  for  the  expanding  load  created 
by  air  navigation.  Therefore,  the 
vhf  communication  program  will 
also  ultimately  replace  the  m-f  and 
h-f  circuits  now  being  used. 
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This  program,  including  the  spe¬ 
cific  types  of  facilities  involved,  is 
in  accord  with  the  conclusions 
reached  internationally  by  ICAO 
(previously  PICAO)  in  Montreal 
in  November  1946. 

Th«  VHF  Range 

The  basic  radio  aid  for  air  navi¬ 
gation  is  the  vhf  omnidirectional 
range  operating  in  the  112-118  me 
band.  This  is  a  facility  which  pro¬ 
vides  two  reciprocal  tracks  from  the 
station.  The  azimuths  of  these 
tracks,  however,  are  selected  by  the 
pilot  so  that  he  may  use  a  track  at 
any  desired  azimuth  around  the 
station,  without  any  discontinuities 
over  the  entire  360  degrees.  It  is 
this  fact  which  gave  rise  to  the 
term  omnidirectional.  Once  the  pilot 
has  selected  a  track,  any  deviation 
of  his  path  from  the  track  will  re¬ 
sult  in  a  right  or  left  deflection  of 


a  zero-center  instrument  in  the  air¬ 
craft.  This  instrument  will  read 
zero  when  the  plane  is  on  the  track 
and  is,  in  fact,  the  localizer  portion 
of  the  cross-pointer  instrument 
used  with  the  vhf  ILS  localizer  de¬ 
veloped  by  CAA.‘ 

The  idea  of  this  type  of  aid  is  not 
new,*  but  the  means  of  accomplish¬ 
ing  the  desired  results  are  consid¬ 
ered  novel  and  of  interest  techni¬ 
cally.*  Basically  the  system  radiates 
two  space  patterns;  one  is  circular 
and  contains  the  carrier,  while  the 
other  is  a  rotating  sinusoid  and 
contains  only  the  sidebands  corre¬ 
sponding  to  modulation  of  the  above 
carrier  by  a  monochromatic  tone 
of  low  frequency.  This  latter  pat¬ 
tern  has  a  relative  phase  varying 
with  azimuth  (relative  to  the  sta¬ 
tion).  The  receiver  in  the  aircraft 
is  designed  to  observe  this  phase 
and  compare  it  to  a  fixed  reference 
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he  can  fly  along  a  radial  to  or  from 
the  station  at  the  desired  bearing  of 
azimuth. 

The  combination  of  differential 
meter  (cross-pointer  instrument) 
and  the  phase  shifter  (known  as 
azimuth  selector)  is  not  capable  of 
distinguishing  between  a  course 
I  and  its  reciprocal.  An  additional 
I  circuit  is  therefore  provided  to  re- 
[  solve  this  ambiguity  by  means  of 
I  indicator  lights. 

I  It  is  of  interest  to  note  that  an 
i  observer  within  range  of  two  or 
more  of  these  facilities  can  obtain 
not  only  his  bearing  with  respect 
to  any  one  of  them,  but  also  an  ab¬ 
solute  fix.  Further,  he  can  follow 
a  course  other  than  a  radial  one  by 
obtaining  absolute  fixes  at  succes¬ 
sive  stages  of  the  journey  and  navi¬ 
gating  accordingly.  An  automatic 
means  for  doing  just  this  is  in 
process  of  final  design  and  is  ex¬ 
pected  to  be  available  within  the 
next  year  or  two.  The  equipment 
required  is  DME  (distance  measur¬ 
ing  equipment)  and  a  computer  for 
transforming  the  available  observa¬ 
tions  into  visual  navigational  indi¬ 
cations.  This  is  such  that  the  cross¬ 
pointer  instrument  will  show  on- 
course  as  long  as  aircraft  is  flying 
the  predetermined  course.  Devia¬ 
tions  from  this  course  will  result  in 
corresponding  deflections  of  the 
meter. 

Antenna  Site  Requirements 

The  siting  requirements  to  in¬ 
sure  satisfactory  performance  are 
definite,  of  course,  but  can  usually 
be  met  adequately.  There  must  be 
no  obstructions  between  the  trans¬ 
mitting  and  receiving  antennas. 
This  is  basic  to  these  and  all 
higher  frequencies.  The  ground 
contours  and  characteristics  within 
a  radius  of  500  to  1,000  feet  of  the 
transmitting  antenna  are  the  most 
vital  factors. 

Ideally,  therefore,  a  site  should 
be  flat  to  within  20  or  30  feet  for  a 
radius  of  500  to  1,000  feet,  and  no 
obstructions  within  line  of  sight 
should  rise  more  than  2  degrees 
above  the  horizon  of  the  antenna. 
In  practice  these  requirements  are 
rarely  fully  met  but  they  constitute 
a  guide  for  survey  parties.  Actually 
these  facilities  have  been  installed 
and  have  been  operating  satisfac¬ 
torily  between  Las  Vegas,  Nevada 


and  Denver,  and  between  Chicago 
and  New  York.  The  terrain  encoun¬ 
tered  on  these  two  routes  is  quite 
typical  of  bad  siting  conditions. 

GroHHd  Station  Eqnipmont 

A  block  diagram  for  the  ground 
station  is  shown  in  Fig.  IB.  The 
antenna  elements  are  horizontal 
loops  of  relatively  wide  metallic 
strips,  so  designed'  that  the  cur¬ 
rent  around  the  loop  is  approxi¬ 
mately  constant  in  amplitude  and 
phase  and  takes  the  directions  in¬ 
dicated  in  Fig.  1C.  The  diameter 
of  the  loop  is  in  the  order  of  magni¬ 
tude  of  X/4.  Under  these  conditions, 
the  polarization  of  the  electric  field 
is  almost  wholly  horizontal  and  the 
horizontal  space  pattern  is  cir¬ 
cular.  The  latter,  however,  is  dis¬ 
torted  by  the  proximity  of  the  four 
radiators  required  to  minimize  oc- 
tantal  error.  By  proper  orientation 
of  the  loops  relative  to  each  other, 
the  octantal  error  practically  van¬ 
ishes.  Figure  ID  shows  the  actual 
array,  with  the  carrier  loop  in  the 
center  of  and  above  the  sideband 
array. 

The  r-f  lines  to  the  antenna  sys¬ 
tem,  which  is  located  on  a  30-foot 
counterpoise  about  thirty  feet  above 
the  ground,  are  of  the  solid  dielec¬ 
tric  type  such  as  RG-8/U.  They  are 
all  precut  to  provide  the  proper 
phasing  and  matching. 

The  sideband  energy  is  obtained 
by  means  of  a  rotating  capacitance 
goniometer  (Fig.  2),  essentially  a 
capacitor  in  which  the  distance  be¬ 
tween  the  plates  is  constant,  but 
the  effective  area  A  varies  sinu¬ 
soidally  with  time  so  that  capaci¬ 
tance  C  —  kA  —  /(Csinpf.  Thus  the 


current  through  the  capacitor  at  a 
frequency  (D/2it  is  /  =  fcw^sinpf 
sinut,  which  represents  the  side¬ 
bands  resulting  from  modulating  a 
signal  of  frequency  <o/2«  by  one  of 
p/27r  or  vice  versa. 

It  has  been  found  desirable  to 
maintain  p/2*  at  a  low  value,  in 
this  case  30  cps.  This  is  obtained 
by  driving  the  goniometer  rotor  at 
1,800  rpm.  Inasmuch  as  the  phase 
of  this  modulation  will  ultimately 
(in  the  receiver)  be  compared  to  a 
reference  phase,  it  is  essential  that 
the  reference  signal  be  strictly  * 
constant  in  phase  and  of  the  same 
frequency  as  the  variable  phase  sig¬ 
nal. 

To  insure  constancy  of  phase, 
the  reference  signal  is  generated 
by  a‘  magnetic  tone  wheel  mounted 
on  the  same  shaft  as  the  goniom¬ 
eter  rotor.  This  wheel  has  teeth  cut 
in  its  periphery,  of  a  shape  to  rep¬ 
resent  (at  1,800  rpm)  a  10-kc  wave 
frequency-modulated  at  30  cps.  The 
wheel  is  driven  in  a  magnetic  cir¬ 
cuit,  varying  its  reluctance  in  the 
above  manner  and  generating  a  cor¬ 
responding  emf.  This  latter  then  is 
used  through  appropriate  amplifiers 
to  amplitude-modulate  the  carrier 
signal  fed  to  the  center  loop  of  the 
array.  In  this  way,  the  reference 
and  variable-phase  signals  are 
maintained  in  proper  synchronism 
despite  minor  variations  in  primary 
power  frequency  or  goniometer 
speed. 

In  one  type  of  goniometer  as¬ 
sembly,  a  phase  adjustment  permits 
setting  the  desired  angle  between 
the  tone  wheel  and  the  goniometer 
rotor.  The  rest  of  the  struc¬ 
ture  serves  to  provide  the  desired 


FIG.  4 — Block  diagram  of  a-f  section  of  Thi  range  receirer.  and  circuit  detoil  of 
differential  sero<enter  meter  thot  proTides  on-course  informotion  for  the  pilot 
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phase,  thereby  providing  an  indica¬ 
tion  of  azimuth. 

The  reference  phase  signal  is 
obtained  by  modulating  the  carrier 
with  a  subcarrier  which  is  in  turn 
frequency-modulated  by  the  mono¬ 
tone  referred  to  above.  By  this 
means  the  reference  and  variable- 
phase'  signals  can  be  conveniently 
separated  in  the  receiver.  The  car¬ 
rier  pattern  is  nondirectional  and 
its  phase  does  not  vary  with  azi¬ 
muth,  hence  the  modulation  on  the 
subcarrier  can  be  used  as  a  refer¬ 
ence. 

The  ,  radiation  pattern  for  the 
sidebands  is  obtained  by  the  use 
of  two  pairs  of  so-called  point 
sources  at  right  angles  to  each  other 
and  in  the  form  of  a  square  as 
shown  in  Fig.  lA.  The  two  radia¬ 
tors  of  each  pair  are  fed  in  phase 
opposition  and  the  two  pairs  are 
fed  in  phase  quadrature.  At  a 
distant  point  P  in  space,  there¬ 
fore,  the  field  due  to  the  pair 
aa'  will  be  /c/sin  (5cos(9)sinpf  and 
that  due  to  the  pair  66'  will  be 
fc/sin(8sinfl)cospt  assuming  the 
same  current  amplitude  in  both 
pairs.  The  total  sideband  field  will 
therefore  he  E.  =  A  sin  (pt  +  3), 
where  A  =  kl  [sin*  (8  cos  0)  +  sin’ 
(8  sin  6)  ]*  and  3  «  tan‘*  [sin  (8  sin 
0)/sin  (8  cos  6)].  If  8  is  very  small 
so  that  sin  (8  sin  6)  — >  8  sin  6,  then 
E,  =  kl  Z  sin  (pt  -H  6). 

The  relative  phase  of  E,  is  the 
same  as  the  azimuth  6  and  the  latter 
can  be  observed  by  measuring  the 
former.  For  any  practicable  value 
of  8,  the  phase  3  will  vary  somewhat 
from  e,  and  |3— ^1  is  known  as  the 
octantal  error  due  to  the  fact  that 


FIG.  2 — Arrangement  of  rotating  capaci¬ 
tance  goniometer  used  to  obtoin  side¬ 
band  energy  for  Thf  range 


FIG.  3 — Schematic  circuit  diagram  of  transmitter  used  in  vhf  range  station 


it  varies  from  zero  to  its  maximum 
within  one  octant  of  azimuth.  It  is 
evidently  zero  for  all  values  of  9 
for  which  sin  9  =  cos  9,  or  for 
which  sin  9  or  cos  9  vanishes.  Hence 


there  is  no  error  at  0  =  0,  *  — 

4  2 


.  .  .  ,  and  the  maximum  error  lies 
between  these  points.  This  maxi¬ 
mum  error  is,  as  pointed  out,  a 
function  of  8.  It  is  approximately 
2  degrees  for  the  spacing  actually 
used  (somewhat  over  50  degrees), 
based  on  an  array  of  four  inde¬ 
pendent  point  sources. 

In  practice  each  radiator  consists 
of  a  magnetic  dipole  of  considerable 
dimensions  and  the  close  spacing 
results  in  a  very  appreciable  coup¬ 
ling  between  antennas.  This  affects 
the  radiated  patterns  and  hence  the 
octantal  error.  It  has  been  found 
that  by  judicious  arrangement  of 
the  radiators  the  octantal  error  is 
reduced  to  a  practically  unobserv¬ 
able  magnitude.  This  is  desirable, 
even  though  octantal  error  would 
be  a  fixed  characteristic  of  the  sta¬ 
tion  and  could  be  easily  taken  into 
account  in  the  published  charts. 

The  carrier  with  its  several  mod¬ 
ulations,  including  reference  signal 
and  voice,  is  radiated  by  a  separate 
antenna,  also  a  magnetic  dipole, 
located  at  the  center  of  the  side¬ 
band  array  but  at  a  higher  or 
lower  horizontal  plane  for  mechani¬ 
cal  reasons. 

In  the  receiver,  the  signals  from 
the  sideband  and  carrier  antennas 
combine  to  produce  a  modulated 


signal  which  is  then  normally  proc¬ 
essed,  through  rectification,  back 
to  the  original  audio  monotone,  but 
it  will  now  have  a  relative  phase 
depending  on  the  azimuth  of  the 
receiving  antenna  relative  to  trans¬ 
mitter.  The  frequency-modulated 
signal  on  the  carrier  is,  after  first 
detection,  handled  separately  and 
ultimately  converted  also  to  its 
original  audio  frequency.  The  re¬ 
ceiver  thus  reproduces  the  original 
monotone  but  in  two  parts,  one  of 
constant  phase  and  the  other  of 
variable  relative  phase. 

These  two  components  are  then 
fed  into  a  circuit  for  comparing 
phases.  Equality  of  amplitude  and 
phase  results  in  zero  deflection  in  a 
d-c  differential  meter.  A  calibrated 
phase  shifter  is  further  used  with 
the  reference  signal  so  that  its 
phase  may  always  be  adjusted  rela¬ 
tive  to  that  of  the  variable  phase 
component.  In  this  manner  the  lat¬ 
ter,  and  hence  the  azimuth,  can  be 
measured. 


Ut*  of  Range  Signols 

The  vhf  range  facility  may  thus 
be  used  in  two  ways.  The  observer 
may  determine  his  azimuth  from 
the  station  by  adjusting  his  phase 
shifter  until  the  indicator  shows 
zero  deflection  (so  the  two  signals 
are  in  proper  phase,  and  he  is  on 
course),  or  he  may  set  the  phase 
shifter  for  a  predetermined  value  of 
azimuth  and  then  navigate  so  as 
to  keep  on  course  as  shown  by  the 
differential  meter.  In  this  manner, 


m 

i 


92 


October,  1947  —  ELECTRONICS 


nc.  6 — Block  diagrcnn  oi  phaM^omparison  localizor  that  is  scheduled  to  replace 
equisignal  localizers  now  being  lued  in  ILS,  and  detail  oi  ontenna  array  used 


The  equisignal  localizer  has  al¬ 
ready  been  described.  A  more  de¬ 
sirable  form  has  now  been  evolved, 
however,  which  is  scheduled  to 
supersede  the  previous  method  com¬ 
pletely.  This  is  the  so-called  phase- 
comparison  localizer  (Fig.  6A).  As 
its  name  implies,  its  use  depends  on 
the  comparison  of  the  relative  phase 
between  two  signals. 

Phase-ComparisoH  Localiser 

The  antenna  system  is  the  same 
as  that  of  the  equisignal  type,  that 
is,  a  nondirectional  radiator  for  the 
carrier,  and  one  or  more  pairs  of 
radiators  for  the  sidebands— all  in 
a  symmetrical  linear  array.  The 
sideband  radiators  on  one  side  of 
the  carrier  antenna  are,  as  before, 
in  opposite  phase  to  those  on  the 
other  side.  The  only  real  difference 
between  this  and  the  equisignal 
type  is  in  the  fact  that  the  carrier 
is  modulated  by  a  subcarrier  which 
is  itself  frequency-modulated  by  a 
low-frequency  tone.  (The  arrange¬ 
ment  is,  in  fact,  identical  to  that 
used  in  the  vhf  omnidirectional 
range.)  Sidebands  corresponding 
to  this  same  low-frequency  tone  are 
impressed  on  the  other  radiators. 

As  a  result  of  the  phasing  of  the 
sideband  radiators,  each  pair  will 
produce  a  horizontal  space  pattern 
having  a  null  and  consequently  a 
phase  reversal  along  the  perpendic¬ 
ular  bisector  of  the  array.  Refer¬ 
ring  to  Fig.  6B,  for  each  pair  the 
expression  for  the  field  is  of  the 
form  e  s=  A;/sin(8sin0).  Obviously 
the  field  for  0  0  is  exactly  equal 

but  opposite  in  phase  to  that  for 
»  =  —e,  and  vanishes  for  ^  =  0. 

In  the  receiver,  the  signal  corre¬ 
sponding  to  the  sidebands  just  men¬ 
tioned  is  combined  with  the  refer¬ 
ence  signal  in  the  bridge  circuit 
described  in  connection  with  the  om¬ 
nirange  receiver.  Thus  if  e,  is  in 
phase  with  the  voltage  applied  to 
the  differential  instrument  (Fig. 
4B)  is  from  6  to  a  and  the  pointer 
deflects  to  one  side.  If  the  relative 
phases  are  reversed,  the  voltage  will 
be  from  a  to  6  and  the  pointer  de¬ 
flects  to  the  other  side.  If  e,  =  0, 
the  current  through  the  instrument 
is  zero  and  there  is  no  deflection. 
The  circuitry  and  operation,  and 
hence  the  equipment  (in  the  air¬ 
craft)  is  the  same  as  for  the  omni¬ 


range.  From  a  practical  viewpoint 
this  is  a  powerful  recommendation 
for  the  phase-comparison  localizer. 

In  the  ground  equipment  this 
type  of  localizer  represents  a  con¬ 
siderable  simplification  over  the 
equisignal  type  and  a  further 
standardization  of  apparatus.  The 
goniometer  is  in  fact  used,  but  in 
this  case  the  inactive  .set  of  plates 
is  connected  to  a  dummy  load  to 
maintain  balance.  As  in  the  equi¬ 
signal  type,  the  carrier  can  be  mod¬ 
ulated  with  voice  and  identification. 

In  practice,  the  phase-comparison 
type  of  localizer  provides  the  same 
performance  as  the  equisignal,  but 
with  appreciably  greater  ease  of 
maintenance  and  hence  greater  re¬ 
liability  and  efficiency  of  operation. 
These  considerations  have  led  to  the 
adoption  of  this  form  as  the  CAA 
standard.  It  will  replace  the  equi¬ 
signal  type  as  soon  as  the  flying 
public  is  more  generally  equipped 
with  proper  receivers.  It  is  also 
scheduled  by  ICAO  to  be  the  inter¬ 
national  system,  waiting  only  for 
more  widespread  availability  of  re¬ 
ceiving  equipment. 

VHF  Communication 

With  respect  to  air-ground-air 
communication  there  is  no  special 
technique  involved,  the  equipment 
being  of  standard  design.  All  of 
this  communication  as  well  as  the 
vhf  navigation  aids  are  within  the 
band  from  108  to  132  me  and  the 
airborne  receiver  used  for  the  navi¬ 
gation  aids  is  designed  to  cover  the 
entire  band  for  communication  as 
well. 

There  are  also  voice  channels  on 
both  the  runway  localizer  and  the 
omnirange,  which  are  used  gener¬ 


ally  for  traffic  control  and  weather 
information.  At  the  present  time, 
consideration  is  being  given  to  util¬ 
izing  a  very  narrow  portion  of  the 
above  spectrum  for  continuous 
weather  broadcasting.  The  operator 
would  record  weather  information 
on  a  continuous  tape  which  then 
would*  be  run  through  the  trans¬ 
mitter.  This  has  not  yet  been 
worked  out  operationally. 

Conclusiou 

This  paper  is  confined  to  the  mat¬ 
ter  described  by  the  title.  But  it  is 
not  to  be  inferred  that  no  work  is 
being  done  on  newer,  promising 
techniques  to  accomplish  the  above 
results  a  little  better  or  more  eco¬ 
nomically.  Both  laboratory  and 
field  tests  have  been  in  progress  for 
some  time  on  new  ideas  and  devices, 
particularly  those  depending  on 
pulse  techniques. 

The  CAA  has  the  statutory  obli¬ 
gation  of  providing  certain  serv¬ 
ices  continuously  and  reliably  with 
the  best  means  available.  It,  there¬ 
fore,  cannot  adopt  various  new 
devices  before  they  are  suitable  for 
use  in  civil  operations  of  airways, 
nor  can  it  discontinue  its  program 
of  constantly  improving  service. 

The  CAA  is  working  to  provide 
always  a  better  airway  aids  serv¬ 
ice  to  a  constantly  expanding  civil 
aviation,  which  in  turn  means 
better  service  to  a  large  and  vital 
segment  of  military  aviation  in 
time  of  emergency. 
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impedance  relationships  between 
various  parts  of  the  circuit. 

The  transmitter  proper  is  essen¬ 
tially  the  same  as  described  pre¬ 
viously.'  It  is  capable  of  providing 
a  carrier  output  of  at  least  200 
watts.  Its  final  stajye  can  be  mddu- 
lated  up  to  100  percent,  thouglr  it 
is  not,so  used  here.  The  intermedi¬ 
ate  power  amplifier  has  sufficient 
output  at  carrier  frequency  to  pro¬ 
vide  energy  to  the  goniometer  as 
well  as  for  excitation  of  the  power 
^amplifier  stage. 

Figure  3  is  a  schematic  circuit 
diagram  of  the  transmitter.  The 
sideband  power  input  to  the  goni¬ 
ometer  is  of  the  order  of  20  watts. 
Of  this  about  11  watts  is  lost  due 
to  the  fact  that  the  goniometer  is 
only  80  percent  efficient  and  the  an¬ 
tenna  array  only  60  percent  efficient 
as  a  result  of  the  close  spacing  of 
the  elements.  The  remainder  modu¬ 
lates  the  carrier  (in  the  receiver)  to 
a  depth  of  30  percent.  (The  refer¬ 
ence  phase  signal  modulation  on 
the  carrier  is  also  30  percent.)  The 
rest  of  the  transmitting  equipment 
is  of  standard  design  adapted  to 
the  requirements  peculiar  to  this 
service. 

VHF  Range  Receiver 

The  receiver  is,  in  the  r-f  por¬ 
tion,  more  or  less  standard.  The  a-f 
portion,  however,  separates  the  10- 
kc  subcarrier  and  the  30  cps  de¬ 
rived  from  the  sideband  antenna. 
The  two  are  carried  along  sepa¬ 
rately,  the  former  going  through 
the  necessary  demodulation  circuits 
to  recover  the  30-cps  reference  sig¬ 
nal,  (shown  in  Fig.  4A)  which 
is  then  passed  through  a  special 
phase  shifter.  This  consists  of  two 
transformer  windings  at  right  an¬ 
gles  to  each  other  and  fed  by  two 
components  of  the  reference  signal 
which  are  in  quadrature.  A  third 
winding  rotates  inside  the  first  two 
and  has  a  voltage  induced  in  it  with 
a  phase  dependent  on  its  position 
relative  to  the  two  primaries. 

In  this  manner,  the  reference 
.signal  may  have  its  phase  varied 
from  zero  to  360  degrees.  From 
this  instrument  (the  azimuth  se¬ 
lector)  the  reference  signal  as  vcell 
as  the  variable  phase  signal  are 
fed  into  a  bridge  circuit  (Fig.  4B) 
containing  the  differential  zero-cen¬ 


ter  meter  (actually  part  of  the 
cross-pointer  instrument  used  in  the 
instrument  landing  system.)  The 
deflection  of  the  meter  will  depend 
on  the  relative  amplitude  and  phase 
of  the  variable  phase  signal  e,  with 
respect  to  the  reference  zero  de¬ 
flection  occurring  only  for  quadra¬ 
ture  phase  relationship  or  one  of 
the  two  components  vanishing,  or 
both.  Hence  if  e,  and  e,  are  ad¬ 
justed  to  be  in  quadrature  at  some 
azimuth,  say  tfo,  then  the  vector  sum 
of  c,  and  e,  differs  from  the  vector 
difference,  the  currents  in  the  dif¬ 
ferential  instrument  do  not  balance, 
and  a  deflection  occurs. 

Since  the  two  signals  can  be  in 
quadrature  twice  in  360  degrees,  an 
ambiguity  results  which  is  resolved 
by  additional  phase-shifting  cir¬ 
cuits  together  with  a  suitable  indi¬ 
cator.  With  this  one  can  tell 
whether  the  azimuth  selector  shows 
true  bearing  or  its  reciprocal. 

iHttnimeat  Landing  System 

The  standard  CAA  instrument 
landing  system  has  been  described 
elsewhere',  and  only  those  features 
not  previously  mentioned  will  be 
given  here. 

The  markers  are  unchanged.  It 
is  anticipated,  however,  that  they 
will  be  generally  replaced  by  suit¬ 
able  distance-measuring  equipment 
as  soon  as  the  latter  is  available.  In- 


FIG.  5 — Radiation  potteras  and  modulating 
arrangemont  ol  33S-mc  eguisignol  glide 
path  tronnmittnr  used  in  standard  CAA 
instrument  landing  system 


stallation  of  DME  is  expected  to 
start  in  the  fiscal  year  1948. 

The  glide  path  operates  at  about 
335  me  and  is  of  the  equisignal  type 
using  90-cps  and  160-cps  modula¬ 
tions.  The  unmodulated  carrier  out¬ 
put  is  of  the  order  of  25  watts. 
These  two  modulations  are  im¬ 
pressed  on  separate  portions  of  the 
carrier,  which  are  then  fed  to  two 
vertically  separated  antennas.  Each 
of  the  antennas  produces  a  space 
pattern  which  is  more  or  less  cir¬ 
cular  in  the  horizontal  plane,  but 
multilobed  in  the  vertical  plane. 
The  intersection  of  two  of  these 
lobes  forms  the  equisignal  surface 
used  for  a.  glide  path.  Figures  5A 
and  5B  show  these  patterns.  In  the 
vertical  plane  there  is  a  multiplic¬ 
ity  of  equisignal  zones,  the  lowest 
being  the  one  that  is  used.  The  an¬ 
tenna  is  designed  so  that  the  next 
lowest  path  is  of  the  order  of  15  or 
20  degrees  above  the  horizontal  so 
that  no  possibility  of  confusion  can 
exist.  Instead  of  being  perfectly 
circular,  the  horizontal  patterns 
are  compressed  to  the  rear  of  the 
facility  so  as  to  minimize  the  effects 
of  reflecting  objects  in  that  area, 
thus  easing  site  requirements. 

The  actual  glide  path  is  the  in¬ 
tersection  of  the  equisignal  surface 
and  the  vertical  plane  containing 
the  localizer  course,  this  intersec¬ 
tion  being  hyperbolic.  In  practice 
the  upper  antenna  is  composed  of 
two  elements,  one  above  the  other 
and  spaced  one-half  wavelength,  so 
that  actually  three  vertically 
stacked  radiators  comprise  the  an¬ 
tenna  system.  By  adjusting  the 
spacing  between  the  upper  and 
lower  portions  and  by  varying  the 
relative  powers  fed  to  the  two  por¬ 
tions,  the  patterns  can  be  con¬ 
trolled  sufficiently  to  permit  a  vari¬ 
ation  of  two  or  three  degrees  in 
the  inclination  of  the  glide  path. 

Splitting  of  the  carrier  into  two 
portions  and  modulating  of  each 
portion  with  its  proper  tone  is  ac¬ 
complished  in  the  present  equip¬ 
ment  by  means  of  transmission-line 
bridges  together  with  mechanical 
variation  of  line  impedances,  as 
shown  in  Fig.  5C. 

The  receiving  equipment  is  very 
similar  to  the  localizer  receiver'  ex¬ 
cept  for  differences  dictated  by  the 
different  radio  frequency. 
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Modified  radio  equipment  serves  to  link  sections  of  a 
standard  Navy  fathometer  to  secure  continuous  depth  indi¬ 
cations  beneath  a  remote-controlled  pilotless  ship.  Radio 
frequencies  near  8  and  70  megacycles  are  employed 
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FIG.  1 — Modifi*d  fothometai  output  circuit  and  koyer  circuit  used  to  modulate  the 
control  station  transmitter 
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FIG.  2 — ^Modified  ship  recelTer  output  circuit  used  to  translote  received  pulses  from 
the  control  stotion  into  projector  pulses  ior  echo  sounding 


IN  the  remote  control  of  ships 
it  is  often  desirable  to  observe 
continuously  and  record,  on  shore, 
numerous  phenomena  encountered 
by  the  controlled  craft.  As  part  of 
such  a  specific  problem,  it  has  been 
necessarjr  to  record  the  depth  of 
water  beneath  a  ship  while  it  is  be¬ 
ing  maneuvered.  Existing  elec¬ 
tronic  equipment  was  modified  for 
the  purpose,  and  its  disposition  is 
illustrated.  The  equipment  used  is 
divided  into  two  groups,  a  trans 
mitter,  receiver,  and  recorder  lo¬ 
cated  at  the  control  position  on 
shore;  and  a  transmitter,  receiver 
and  depth-sounding  equipment  on 
the  mobile  ship. 

The  control  station  may  be  con 
sidered  as  a  closed  radio  and  wire 
circuit  in  which  impulses  initiated 
by  a  portable  fathometer-recorder 
equipment  are  received  after  a  vari 
able  time  delay  (due  to  the  time  re 
quired  for  the  sound  to  travel 
through  the  water) ;  this  delay  is 
plotted  by  the  recorder  in  terms  of 
ocean  depth. 

The  ship  equipment  consists  of 
an  ultrasonic  projector  triggered 
from  the  shore,  and  an  ultrasonic 
hydrophone  that  sends  back  the 
desired  time-delay  information.  A 
radio  receiver  and  transmitter  are 
also  necessary  to  tie  this  underwa 
ter  transducer  equipment  into  the 
closed  radio  circuit  of  the  control 
station. 

For  a  telemetering  system  in 
which  the  measurement  of  small 
time  intervals  gives  the  desired 
information,  the  radio  links  and 
trigger  mechanism  must  contain 
only  small,  fixed,  known  time  de 
lays,  and  as  a  corollary,  the  band 
widths  of  the  system  must  be  suffi 
cient  to  pass  the  required  sharp 
pulses  without  unduly  modifying 
their  steepness. 

The  standard  Navy  type  NK-2 
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Control  equipment  includes  the  RBF-1  converted  f-m  receiver 
and  loop  at  left,  modified  NK-2  recorder  and  the  keyer.  The 
BC-463A  transmitter  is  ot  the  rear 


Ship  station  equipment.  The  housing  ot  top  contains  proiector 
and  hydrophone.  Amplifier  and  transmitter,  the  keyer  pulser, 
and  the  RC-57A  superregenerative  receiver  are  in  the  front 


to  ihe  bottom,  where  it  is  reflected, 
and  the  echo  is  intercepted  by  the 
hydrophone  unit  of  the  transducer. 
The  signal  from  the  hydrophone  is 
passed  through  a  high-gain  ampli¬ 
fier  and  is  then  fed  to  the  printer 
strip.  The  signal  causes  an  arc  dis¬ 
charge  to  take  place  from  the  strip 
through  the  paper  to  the  spiral  on 
the  drum.  The  point  of  contact  be¬ 
tween  strip  and  spiral  depends  upon 
the  elapsed  time  taken  by  the  pulse 
‘during  its  travel  through  the  water. 

The  paper  is  graduated  in  feet, 
and  the  depth  of  water  may  be  read 


fathometer  that  was  modified  for  the  face  of  the  drum.  Above  the 
telemetering  normally  functions  as  paper,  and  lightly  contacting  it,  a 
follows :  A  12-v  storage  battery  sup-  printer  strip  is  mounted  parallel  to 
plies  power  to  a  centrifugal  gov-  the  longitudinal  axis  of  the  drum, 
ernor-controlled  motor.  Through  As  the  drum  revolves,  the  point  of 
suitable  gearing,  this  motor  drives  contact  between  the  printer  strip, 
a  drum  which  has  a  single  turn  of  the  paper,  and  the  spiral  wire  moves 
wire  mounted  in  a  spiral  groove  at  uniform  speed  across  the  paper, 
along  its  face.  The  wire  projects  At  the  instant  the  point  of  contact 
approximately  half  its  diameter  passes  a  reference  line  near  one 
(0.026  in.)  above  the  surface  of  edge  of  the  paper,  a  pulse  is  trans- 
the  drum  face.  A  similar  mechan-  mitted  into  the  water  by  discharg- 
ism  is  used  in  facsimile  receivers,  ing  a  capacitor  into  the  projector 
Friction  rolls  drive  the  arc-dis-  unit  of  the  transducer, 
charge  type  recording  paper  across  The  pulse  in  the  water  travels 


Complete  block  diagram  of  the  fathometer  telemetering  system  employing  a  robot  ship 
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iirectly  from  the  recording.  The 
range  of  scale  is  directly  propor¬ 
tional  to  the  rotational  speed  of  the 
spiral  drum.  A  suitable  gear-shift¬ 
ing  mechanism  provides  a  selection 
of  ranges. 

The  triggering  contacts  consists 
of  a  stationary  brush  and  a  rotary 
segment  mounted  on  the  end  of  the 
spiral  (Irum  shaft.  The  stationary 
brush  position  is  adjustable  to  pro¬ 
vide  alignment  between  pulse  and 
index  line  on  the  i*ecording  paper. 

The  modified  output  of  the  fath¬ 
ometer  recorder  is  shown  in  Fig.  1. 

As  originally  wired,  the  cathode  of 
the  type  SN-4  strobotron  was  tied 
directly  to  ground  and  the  tube  nor¬ 
mally  functioned  to  discharge  ca¬ 
pacitor  Cl  through  the  projector  to 
generate  the  underwater  pulse.  Be-  light  caused  the  tube  to  remain  con-  plywood.  The  inner  conductor  was 

cause  the  length  of  the  impulse  was  tinuously  ionized.  soldered  to  the  outer  sheath  at  the 

insufficient  to  key  the  audio  oscilla-  The  RBF-1  f-m  receiver  was  closure  point, 

tor  of  the  modified  BC-463A  trans-  chosen  for  use  at  the  control  station 

mitter,  the  884  gas-tube  circuit  to  receive  the  incoming  signal  from  Equlpmeat 

was  added.  By  inserting  a  5-ohm  the  low-power  ship  transmitter  and  receiver  employed  at  the  mo- 

resistor  in  the  cathode  circuit  of  operate  the  recorder.  The  circuit  ^  operate  the  trans- 

the  strobotron,  sufficient  voltage  is  was  modified  for  a-m  reception  by  juger  projector  is  the  RC-57A  su- 
developed  across  it  when  the  tube  converting  the  limiters  to  additional  norrocranprnfiva  fvrw.  fVia  oirpnit  fnr 
fires,  to  trigger  the  884  tube.  i-f  amplifiers  and  the  discriminator  appears  on  page  89  of  the  De- 

The  RC  networks  have  been  was  changed  to  a  diode-type  detec-  cember  1946  issue  of  Electronics. 

chosen  to  give  proper  time  con-  tor.  The  necessary  bandwidth  re-  ^unes  in  the  frequency  band  67 

stants  for  the  desired  keying  inter-  quired  for  pulse  reception  was  in-  ^2  megacycles 

val.  It  was  found  necessary  to  in-  herent  in  the  original  f-m  design.  Figure  2  shows  a  keyer-pulser 
sert  the  battery  in  the  cathode  cir-  For  use  in  proximity  to  the  control  ^^at  was  built  to  convert  the  nega- 
cuit  of  the  884  tube  to  balance  out  transmitter  it  was  found  advisable  pulse  from  the  receiver 

the  drop  through  the  thyratron  to  construct  an  electrostatically  ^  capacitor  discharge  into  the 
that  was  sufficient  to  bias  the  trans-  shielded  loop,  suitably  placed  and  transducer  projector.  The  circuit 
mitter  audio  oscillator  to  cutoff.  It  oriented.  The  antenna  was  made  by  ^ggg  ^  type  6C5  phase-reversing  am- 
was  found  necessary  to  prevent  fastening  a  length  of  RG-ll/U  con-  pUfig^  trigger  the  type-2060  thy- 
strong  sunlight  from  falling  di-  centric  cable,  in  the  shape  of  a  ratron.  It  was  found  that  although 
rectly  on  the  strobotron  since  sun-  closed,  one-turn  loop,  to  a  piece  of  t^e  gas  tube  would  fire  from  a  nega¬ 
tive  pulse,  a  delay  of  several  milli¬ 
seconds  occurred.  It  apparently  re¬ 
quires  considerably  more  time  to 
transfer  an  arc  between  control 
grid  and  cathode  to  the  anode  when 
the  cathode  is  negative  than  it  does 
when  the  cathode  is  positive  since 
the  cathode  must  reverse  polarity 
in  the  former  case. 

The  echo  picked  up  by  the  hydro¬ 
phone  is  fed  to  the  amplifier  and 
transmitter  shown  schematically  in 
Fig.  3.  The  unit  is  essentially  an 
audio  amplifier  modulating  a  5- 
watt  a-m  transmitter  with  a  carrier 
frequency  of  8  megacycles.  A  band 
of  audio  frequencies  from  600  to 
16,000  cycles  can  be  successfully 
transmitted. 

FIG.  3 — Hydrophone  audio  amplifier  and  ship  transmitter  that  sends  back  received  ^  sample  record  of  a  trial  run  is 

echoes  from  ocean  bottom  to  the  control  stotion  recording  equipment  shown  in  Fig.  4. 


FIG.  4 — Drawing  showing  the  salient  features  of  a  record  obtained  from  trial  run 
of  the  robot  ship.  From  right  to  left,  the  contours  revealed  by  echo  soundings  indicate 
the  cruise  from  shore  to  deep  water  and  back 
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Initial  production  model  oi  the  magnetic  tape  recorder.  Tape  runs  from  left  to  right.  The  recording,  erasing,  and  playback  head  is 

front  ond  center 


Magnetic  Tape  Recoidei 
foT  Movies  and  Radio 


The  basic  fac'TORS  underlying 
the  magnetizing  of  ferrous 
wires  as  a  means  of  recording,  stor¬ 
ing,  and  later  reproducing  intelli¬ 
gence  have  been  known  since  the 
turn  of  the  century,  and  more  re¬ 
cently  the  expansion  of  the  tech¬ 
nique  to  include  ferrous  oxides  on 
paper  or  plastic  tape.s  has  been  well 
developed’. 

In  Germany,  magnetic  tape  re¬ 
cordings  were  used  by  broadcast 
stations  and  the  military  during 
the  war.  The  technique  was  prob¬ 


New  equipment  using  improved  tape  driven  by  three 
motors  at  a  speed  of  thirty  inches  a  second  has  an  overall 
response  flat  within  4  db  from  32  to  9,600  cycles.  Overall 
design  considerations  and  circuits  for  the  recorder-repro- 
fhicer  are  shown  and  a  word  spotter  for  editing  is  described 


President,  Ranffertone,  Inc.,  Nexcark,  K.  ./, 


ably  developed  to  its  highest  point  The  tapes  pass  rapidly  and  uni-  has  been  worked  out  to  give  a  qual- 


in  the  so-called  K-7  Magnetophone 
manufactured  by  Allgemeine  Elek- 
trische  Gesellschaft.  The  record¬ 
ings  consist  e.ssentially  of  iron  rust 
supported  on  a  synthetic  tape  of 
great  inherent  physical  strength. 
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formly  by  erase,  record,  and  pick¬ 
up  heads. 

A  method  of  using  a  frequency 
in  the  order  of  100  kilocycles  as  a 
means  of  erasing  and  preparing 
tape  for  recording  audio  currents 


ity  of  reproduction  not  heretofore 
approached.  Using  an  early  model 
Magnetophone  and  what  informa¬ 
tion  has  become  available  in  the 
United  States  through  reports  of 
Army  Intelligence  missions*,  to- 
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FIG.  1 — Circuit  diagram  of  the  recorder-reproducer,  showing  method  of  energizing  record  ond  erase  heads 


gether  with  American  laboratory 
and  production  methods,  a  new  re¬ 
corder-reproducer  has  been  built 
that  matches  or  surpasses  its  prede¬ 
cessors  in  every  detail. 

With  a  view  to  manufacturing  a 
professional  machine,  the  first  pro¬ 
duction  model  has  been  constructed 
along  the  lines  illustrated,  using 
the  circuits  shown  in  Fig.  1.  The 
main  elements  in  the  equipment 
are  the  erase,  record,  and  play-back 
heads;  the  tape;  the  amplifiers; 
and  the  drive  mechanism.  The  play¬ 
back  head  is  the  most  critical  of 
the  three  because  signals  recorded 
on  the  tape  are  of  low  intensity.  It 
requires  70  db  of  amplification  to 


bring  the  peak  recorded  sjgnals  up 
to  0  db.  Since  the  dynamic  range 
possible  with  tape  recording  ap¬ 
proaches  60  db,  the  very  weakest 
signals  are  down  some  130  db  in  the 
levels  only  a  little  above  the  ther¬ 
mal  noise  of  tubes. 

Construction  of  the  Heads 

In  Germany  and  America,  the  de¬ 
velopment  of  high  permeability  ma¬ 
terials  has  been  carried  farther 
than  anywhere  else,  and  therefore, 
the  materials  for  making  the  heads 
have  been  available.  The  head  in 
Fig.  2  is  made  in  two  halves  from 
laminated  high  permeability  mate¬ 
rial  6  mils  thick.  The  width  of  the 


pole  pieces  is  greater  than  the 
quarter-inch  width  of  the  tape  to 
allow  for  slight  sidewise  excursions 
of  the  tape  in  passing.  The  actual 
gap  in  the  head  is  small,  being  in 
the  order  of  0.4  mil  across.  The 
gap  itself  is  filled  with  a  nonmag¬ 
netic  shim  of  beryllium  copper. 
The  windings  and  impedances  of 
these  heads  are  as  shown  in 
Table  I. 

For  the  erase  operation,  the  cur¬ 
rent  required  is  determined  largely 
by  the  magnetic  properties  of  the 
tape  used.  With  one  of  the  ferric 
oxide  tapes  some  80  milliamperes 
of  70-kc  energy  is  necessary  to  do 
a  thorough  demagnetizing  job. 
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fig.  2 — Typical  recording  head  removed 
Irom  the  aetembly 

The  ferrous  oxide  tapes,  current  in 
the  States,  and  especially  the 
nickel-irons  require  much  stronger 
erase  current  fields.  Although  the 
remanence  and  coercive  force  of 
these  latter  materials  is  far  greater 
(this  would  appear  to  be  an  advan¬ 
tage  for  greater  permanency)  it 
has  been  found  that  the  lower  val¬ 
ues  of  red  oxide  were  better  from 
the  point  of  view  of  quality  linear 
response.  It  is  interesting  to  note 
that  only  red  oxide  made  by  oxidiz¬ 
ing  the  ferrous  black  oxide  is  mag¬ 
netically  effective.  The  reasons  are 
not  known,  but  it  is  presumed  that 
by  slowly  oxidizing  the  ferrous  its 
lattice  structure  is  maintained, 
which  is  presumed  to  hold  the  mag¬ 
netic  structure  just  enough  to  give 
a  flexible  medium. 

Recording  Bias 

For  the  record  head,  an  audio 
signal  of  4  ma  is  combined  with  a 
high  frequency  bias  of  1.5  to  2  ma 
for  best  results.  The  action  of  the 
bias  current  in  improving  the  line¬ 
arity  of  the  magnetic  remanence  of 
the  tape  is  shown  in  Fig.  3.  Fig. 
4A  shows  the  remanence  with  vary¬ 
ing  recording  current  without  the 
use  of  bias.  This  curve  shows  high 
irreversible  areas,  all  of  which  in¬ 
dicate  lack  of  linearity.  Figure 
4B  shows  the  remanence  with  half 
the  optimum  bias,  and  Fig.  4C 
shows  the  remanence  with  full  cor¬ 
rective  action  of  the  bias  applied. 
Greater  values  of  high  frequency 
bias  only  have  the  effect  of  reduc¬ 
ing  the  overall  remanence, — in  other 
words,  erasing  is  beginning;  so  a 
definite  optimum  value  exists.  A 
little  trick  that  seems  to  identify 
the  correct  bias,'  is  that  below  the 
proper  strength,  the  third  har¬ 


monic  is  evident,  and  above  the 
proper  value,  the  fourth  harmonic 
increases. 

It  must  be  realized  that  the  tape 
is  magnetized  longitudinally  by  the 
variations  of  the  magnetic  force 
at  the  gap  in  the  recording  head. 
It  is  necessary  for  the  tape  to  be 
in  direct  contact  with  the  heads  to 
obtain  best  results.  The  pressure 
of  the  tape  on  the  heads  must  not, 
of  course,  be  overdone,  aS  the  tape 
itself  might  be  considered  as  a 
form  of  fine  crocus  cloth,  and  its 
action  is  always  to  give  a  beautiful 
finish  to  the  heads. 

The  design  of  the  core  at  the  gap 
in  the  heads  is  such  that  the  gap  in¬ 
creases  gradually  in  size  as  ’  the 
head  wears  down.  This  means  that 
the  equipment  will  gradually  show 
less  response  on  the  highs  as  play¬ 
ing  time  increases.  The  effect,  how¬ 
ever,  is  not  noticeable  for  over  500 
hours  playing  time,  depending  upon 
the  degree  of  care  exercised  in  the 
operation  of  the  machine.  A  disen¬ 
gager  is  provided  on  the  head  as¬ 
sembly  by  means  of  which  the  tape 
is  made  to  stand  off  from  the  heads 
in  the  rewind  operation,  or  from 
the  erase  and  record  heads  in  the 


playback  operation.  The  entire  head 
assembly  is  plugged  in  with  one 
operation,  and  each  machine  is  fur¬ 
nished  with  two  complete  assem¬ 
blies  in  order  to  take  care  of 
operational  failure,  besides  provid¬ 
ing  a  spare  while  a  worn  head  is 
serviced.  In  servicing,  the  heads 
are  taken  apart,  and  re-assembled 
with  new  cores.  This  process  is 
simple,  but  the  lapping  of  the  gap 
is  a  precision  jeweler’s  job  and  in¬ 
volves  the  use  of  special  jigs. 

The  .function  of  the  high  perme¬ 
ability  material  is  to  concentrate  a 
maximum  of  flux  at  the  extreme 
edges  of  the  gap.  It  is  readily  ap¬ 
preciated  however,  that  the  effec¬ 
tive  width  of  the  gap,  even  with 
these  materials,  is  determined  by 
this  concentration.  Actually  the 
magnetic  gap  is  about  0.2  mil  wider 
than  the  physical  gap  owing  to  the 
slight  spreading  of  the  crowded 
magnetic  lines  of  force  as  they 
leave  the  iron  core  edges  and  pass 
through  the  tape. 

Mechaitieal  Tolerance* 

The  actual  alignment  of  the  gap 
perpendicular  to  the  motion  of  the 
tape  is  most  critical.  A  slight  er- 


FIG.  3 — Eiiect  oi  bia*  current  in  improTing  linearity  of  magnetic  remanence  of  tape 


FIG.  4 — (A)  magnetic  remanence  with  earying  record  current  and  no  bios;  (B)  rema¬ 
nence  with  half  optimum  bios  current:  (C)  remanence  with  full  correetiTe  bias 
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THE  VALUE  OF  MAGNETIC  TAPE  RECORDING 

Interest  in  magnetic  tape  recorders  is  particularly  high  among  three  groups. 

Film  makers  are  eager  to  explore  the  possibility  of  using  magnetic  tape  as  a 
simpler,  cheaper  means  of  racording,  editing,  and  dubbing  in  the  eventual  sound 
track  of  sound  movies. 

The  success  in  recording  one  prominent  radio  show  has  led  to  strong  pressure  by 
other  artists  for  similar  handling  of  their  productions. 

F-M  broadcasters,  dependent  in  many  cases  upon  recorded  music  for  the  bulk  of 
their  present  programming,  have  also  taken  a  keen  interest  in  magnetic  tape 


the  recording  head  is  shown  in  Fig. 
5A.  The  response  rises  to  a  maxi¬ 
mum  around  1,000  cycles  in  a  head 
loaded  for  50  ohms.  For  an  un¬ 
loaded  recording  head,  maximum 
response  will  occur  at  about  4,000 
cycles.  The  play-back  amplifier  is 
therefore  compensated  for  these 
conditions  so  that  its  response  fol¬ 
lows  curve  B.  The  final  result  of 
the  overall  recording  and  reproduc¬ 
ing  amplifiers  is  shown  in  curve  C. 

Top*  Driv* 

It  is  essential  that  constant  tape 
speed  be  maintained.  Three  mo¬ 
tors  are  employed  to  insure  con¬ 
stant  tension  at  all  points  in  the 
tape  path.  One  of  these  motors  is 
to  the  left  and  on  normal  playing  it 
controls  the  release  of  the  tape  reel. 
It  must  oppose  this  release  with  a 
torque  fairly  constant  from  start  to 
finish.  The  second  motor  is  syn¬ 
chronous  and  holds  the  tape  rigor¬ 
ously  to  the  rotational  speed  of 
this  motor  by  means  of  a  sleeve  on 
its  shaft  which  presses  against  a 
rubber  idler.  The  third  motor  is 
on  the  right  and  drives  the  take-up 
reel.  As  the  reel  builds  up  in  di¬ 


ameter  with  the  successive  layers  of 
tape  the  moment  arm  increases 
with  the  radius ;  the  larger  the  reel 
the  slower  the  rotation.  These  two 
facts  show  the  necessary  relation 
between  rotational  torque  qf  the 
motor  and  speed.  It  is  necessary 
for  the  motor  drive  on  both  the 
tape  take-up  and  release  spools  to 
have  a  curve  of  torque  inversely 
propdrtional  to  the  speed  of  the 
reel.  Although  it  has  not  been  pos¬ 
sible  as  yet  to  obtain  a  straight-line 
function  for  this  curve,  modifica¬ 
tion  of  the  rotors  of  normal  capaci¬ 
tor  start  and  run  motors  has 
resulted  in  the  characteristic  indi¬ 
cated  in  Fig.  6.  Whatever  the  ro¬ 
tational  torque  of  the  motor,  the 


pull  on  the  tape  will  decrease  with 
increasing  radius. 

Editiag  Aid 

Use  of  the  equipment  for  broad¬ 
cast  or  sound-track  dubbing  has 
been  greatly  enhanced  by  the  recent 
development  of  a  “word-spotter”. 
Still  in  the  experimental  stage,  the 
device  has  been  arranged  to  plug  in, 
replacing  the  conventional  head  as¬ 
sembly,  and  is  driven  by  the  sync 
motor  spindle  and  rubber  idler  that 
customarily  pulls  the  tape.  The 
large  driven  drum  of  the  spotter 
has  a  circumferential  groove 
slightly  wider  than  the  tape.  A 
playback  head  is  mounted  flush  on 
the  edge  of  the  drum,  so  that  if  a 
short  length  of  the  tape  is  held  sta¬ 
tionary  in  the  groove,  musical 
chords,  syllables  or  short  words  are 
repeated  over  and  over.  By  this 
jneans  it  is  easily  possible  to  spot 
desired  portions  of  a  recording 
with  uncanny  accuracy. 

Experiments  now  in  progress  in¬ 
dicate  that  the  machine  may  prove 
useful  as  a  memory  device  for  com¬ 
puter  systems,  since  the  shelf  life 
of  magnetic  wires  and  tapes  has  so 
far  proved  to  be  indefinitely  long. 
In  order  to  eliminate  errors  result¬ 
ing  from  possible  cold  flow  of  the 
plastic  tape  used  as  the  base  for 
the  magnetic  powder,  investigations 
are  being  made  of  Fiberglas  tape  as 
a  support  for  the  recording  me¬ 
dium. 
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Table  I — Head  Characteristics 


Resistance  I  m  peda  nco 

Head  Turns  (ohms)  (ohms) 

Erase .  100  1  2,000 

Record .  600  10  11.000  at  70  kc 

.^60  at  1  kc 
58  at  100  cycles 

Play-back .  600  10  .560  at  Ike 

.58  at  100  cycles 


FIG.  6 — ^Modiilcotiona  in  the  torque  characteristics  oi  motors  lor  recorders 
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This  edge  should  be  as  straight  us 
possible.  The  magnetism  that  will 
remain  in  the  tape  may  be  consid¬ 
ered  as  a  stati^ical  average  of  Uic 
effects  the  tape  has  undergone, 
caused  by  both  the  audio  recording 
and  the  high  frequency  bias  as  it 
passes  through  the  gap  fields.  This 
statistical  average  is  finally  influ¬ 
enced  more  by  the  flux  immediately 
on  the  edge  of  the  gap  where  the 
tape  last  passes  than  it  is  at  any 
other  point. 

This  phenomenon  has  two  bene¬ 
ficial  results;  it  increases  the  free 
magnetomotive  force  ready  to  go  up 
into  the  tape  at  the  trailing  edge, 
and  it  makes  the  resultant  lines  of 
force  appear  to  pass  up  more  ver¬ 
tically  into  the  tape  and  thus  in¬ 
crease  the  definition. 

The  alignment  of  the  erasing 
head  is  not  at  all  critical;  it  is  20 
mils  wide.  In  much  the  same  man¬ 
ner  as  demagnetizing  a  watch,  the 
purpose  of  the  erase  head  is  to  cre¬ 
ate  a  rapidly  alternating  magnetic 
field  that  increases  and  decrease.^^ 
as  the  tape  passes  through  it.  In 
consequence  the  tape  is  left  neutral 
magnetically.  Noise  on  the  tape  is 
entirely  a  function  of  the  statisti¬ 
cal  averaging  of  the  so-called  do¬ 
mains  of  magnetization,  and  where 
there  is  as  thoroughly  a  random 
condition  as  possible,  noise  will  be 
at  a  minimum.  It  is  obvious  that 
the  high  frequency  bias  accom¬ 
plishes  this  same  improvement  in 
quality  on  recording,  by  leveling 
this  statistical  average  to  that  value 
required  to  represent  the  desired 
audio  response. 

Equalization  of  Amplifiers 
The  amplifiers  for  this  recording 
system  have  gone  through  consid¬ 
erable  progressive  evolution.  Gen¬ 
erally  speaking,  it  appears  that  for 
the  recording  head  virtually  con¬ 
stant  response  with  respect  to  fre¬ 
quency  change  is  the  optimum. 
However,  there  are  some  who  be- 
The  recording  head  has  a  nor-  lieve  that  a  slight  increase  for  the 
mally  wider  gap  than  that  of  the  low  and  high  frequency  may  be  de¬ 
pickup  head.  There  seems  to  be  an  .sirable.  For  the  play-back,  how- 
improvement  in  using  a  slightly  ever,  post  emphasis  may  be  used 

larger  gap  than  that  in  the  play-  to  completely  realize  a  straight  line 
back.  In  recording,  the  signal  laid  frequency  response  from  whatever 
down  on  the  tape  seems  to  be  pri-  signal  has  been  put  on  the  tape, 
marily  a  function  of  what  is  hap-  The  actual  response  on  a  tape  with 
pening  at  the  pole  piece  edge  where  no  post  emphasis,  and  recorded 
the  tape  leaves  the  recording  gap.  with  a  constant  current  input  to 


1  COVER  PLATE 

2  ROTATING  DRUM  WTTH  WELL 
FOR  HEAD 

9  PLAY-BACK  HEAD 
4  TAPE 


3  DRIVE  WHEEL 

6  TAPE  TRACK  AND 
DRIVE  RIM 

7  DRUM  SPINDLE 

8  LOCK  MECHANISM 


Artiit'a  sketch  of  the  word-epotter  that  can  be  plugged  in  replacing  the  triple  head. 
A  still  newer  derice  will  operate  in  two  diilerent  woys:  with  the  ploy-back  head 
stationary  and  the  tope  moTing  normally  by.  or  with  the  head  reToleing  past  the 

stationary  tape 


A  -  RECORDER,  HEAD  LOADED  50  OHMS  | 

B  -  PLAYBACK  AMPLIFIER  I  I 

C  -  OVERALL  RESPONSE  .  TAPE  SPEED  30  IN 
A  SEC  ,  INPUT  -5  OB  I  I 


40  60  90  100  200  400  600  1,000  2,000  4,000  lOpOO 

FREQUENCY  IN  CPS 


FIG.  S — Component  and  overall  response  curves  for  the  magnetic  tape  unit.  Curve  A 
shows  the  recorder  alone  with  no  input  equalization.  The  amplifier  response  is 
superimposed  in  curve  B  (note  the  different  vertical  coordinates);  while  the  combined 

response  is  given  in  C 
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FIG.  2 — Elammite  of  tho  color  prlntor 


FIG.  3 — Sconninq  aequonco  for  a  purple  area. 
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FIG.  1 — Element!  of  the  color  facsimile  transmitter.  Each  line  area  is  scanned  four 
times,  once  for  each  color.  Expanded  detail  is  approximate 


essary,  as  in  any  system  of  facsim¬ 
ile,  to  maintain  synchronism  be¬ 
tween  transmitter  and  receiver  and 
to  feed  paper  past  the  rotating 
printer  with  its  four  actuating 
heads.  Simply  inserting  black 
leads  in  each  holder  and  increasing 
speed  of  paper  feed  by  a  factor  of 
four  converts  the  printer  for  nor¬ 
mal  black  and  white  reception. 


Systen  CoNiponoRts 

The  elements  of  the  color  facsim¬ 
ile  transmitter  are  shown  in  Fig. 
1.  The  motor  drives  the  scanning 


drum  at  a  rate  such  that  the  same 
line  element  is  covered  four  times 
by  the  light  beam.  However,  as 
the  drum  revolves,  red,  green,  blue 
and  clear  sectors  of  a  color  disc  are 
interposed  between  the  light  source 
and  the  drum,  one  for  each  of  the 
four  periods  of  complete  rotation. 
The  magnified  detail  indicates  ap¬ 
proximately  how  a  single  line  strip 
would  be  illuminated  by  different 
colored  beams  of  light  in  succes¬ 
sion.  Light,  or  lack  of  it,  is  ob¬ 
served  by  the  phototube,  output 
from  which  is  sent  through  an  elec¬ 


tronic  conversion  circuit  and  then 
to.the  receiver. 

The  receiver  motor  in  Fig.  2  can 
be  synchronized  with  the  driving 
motor  at  the  transmitter  by  any  of 
the  standard  means.  Further  syn¬ 
chronization  must  be  obtained  be¬ 
tween  the  color  disc  at  the  trans¬ 
mitter  and  the  pencil  drives  on  the 
rotating  carriage  at  the  receiver. 
Each  of  the  recording  pencil  leads 
maintains  a  gentle  pressure  against 
.the  paper  as  the  latter  moves  up¬ 
wards  at  right  angles  to  the  plane 
of  the  arc  described  by  the  rotating 
carriage.  When  driving  impulses 
are  received,  the  pencil  leads  are 
pushed  against  the  paper  by  an 
electromagnet  for  the  duration  of 
the  impulse  or  series  of  impulses. 
Any  or  all  the  pencils  can  be  ener¬ 
gized.  They  are  oriented  so  as  to 
overprint  each  line,  beginning  with 
cyan  (actuated,  or  not,  by  the  red- 
light  beam)  and  ending  with  black 
(connected  through  the  clear-light 
circuit).  Then  the  cycle  begins 
again  for  the  next  line  as  the  paper 
on  the  recording  drum  moves  up¬ 
ward. 

The  simplified  representation  of 
Fig.  3  indicates  system  action  when 
a  purple  area  is  viewed  by  the  scan¬ 
ner.  In  this  illustration  probably  all 
the  recording  pencils  except  yellow’ 
would  be  caused  to  operate,  the 
colors  combining  to  make  a  reason¬ 
able  facsimile  of  the  original  colored 
area.  — A.  A.  McK. 
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Black  and  white  reproduction  of  colored- 
drawing  facsimile 


Coloriox  experimental  recorder  disseminating  color  comics 


COLOR  FACSIMILE 


Anew,  simplified  facsimile  re¬ 
ceiver,  invented  by  L.  R.  Phil- 
pott  and  W.  G.  H.  Finch,  has  been 
developed  as  a  color  printer  for  use 
in  a  radio  or  wire  reproducing  sys¬ 
tem  called  Colorfax.  Still  in  the  de¬ 
velopment  stage,  the  f-m  receiver 
and  printer  combination  may  be¬ 
come  available  for  home  use  in 
1948  at  a  cost  of  about  $100.  It 
will  be  quickly  adaptable  to  either 
monochrome  or  color  broadcasts  on 
f-m.  For  comparable  transmission 
bandwidths  the  speed  of  reception 
for  color  will  be  a  quarter  that  of 
black  and  white. 

The  experimental  equipment 
built  for  demonstration  on  tele¬ 
phone  lines  prints  colors  at  a  rate 
of  one-half  inch  a  minute  for  a 
bandwidth  not  exceeding  1,800  cy¬ 
cles  per  second.  Pictures  are  re¬ 
produced  at  the  equivalent  of  100 
lines  to  the  inch,  as  compared  with 


Experimental  system  reproduces  a  colored  picture  by  means 
of  cyan,  magenta,  yellow,  and  black  pencil  leads  on  ordinary 
untreated  paper.  New  recorder  employed  will  achieve 
cheaper  monochrome 


three  main  steps;  analysis  of  the 
original  by  means  of  red,  green, 
and  blue  color  filters  between  a  light 
source  and  phototube ;  electronic 
amplification  and  coding  of  the  re¬ 
sultant  currents ;  synthesis  of  color 
at  the  printer  by  means  of  cyan, 
magenta,  and  yellow  pencil  leads. 
The  original  is  also  scanned  by 
plain  light  to  operate  a  black  pen¬ 
cil.  Because  each  line  of  the  orig¬ 
inal  is  scanned  four  times,  any  or 
all  the  pencil  leads  can  be  caused  to 
operate,  overprinting  in  most  cases, 
to  produce  color  combinations. 

Supplementary  equipment  is  nec- 


newspaper  color  screens  that  are 
usually  65-line  screen.  The  most 
important  economic  feature  of  the 
process  is  the  fact  that  any  paper 
fit  to  write  upon  can  be  used;  spe¬ 
cial  chemically  treated  stock  is  not 
needed. 

The  present  limitation  to  the 
color  process  is  the  unavailability 
of  entirely  suitable  colored  leads  for 
use  in  the  recorder.  This  problem 
has  not  yet  been  vigorously  at¬ 
tacked.  Pictures  transmitted  by  the 
experimental  system  are  therefore 
lacking  in  strength  and  fidelity. 

The  color  technique  involves 
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FIG.  1 — Absorption  oi  beta  rays  by  Tori-  FIG.  2 — Quenching  circuit  used  for  the  two  G>M  tubes,  with  amplifiers  and  cathode 
ous  thicknesses  of  iron  followers  for  feeding  into  rote  meter  circuit  that  indicates  thickness  directly 

Beta-Ray  Thickness  Gage 

G-M  counters  and  integrating  circuits,  responding  to  absorption  of  beta  rays  by  steel  strip 
moving  over  a  radiostrontium  source,  measure  thickness  over  range  of  7  to  24  mils.  Sheets 
can  be  sorted  automatically  by  a  mechanical  gate  after  cutting.  Accuracy  is  analyzed 


A  CONTINUOUS-READING  beta-ray 
intensity  meter  was  built  for 
an  application  in  which  the  thick¬ 
ness  of  a  material  was  being  meas¬ 
ured  by  the  absorption  of  beta  rays. 
The  problem  arose  in  connection 
with  the  measurement  of  the  thick¬ 
ness  of  steel  in  tinplate  mills.  A 
thickness  gage  which  did  not  actu¬ 
ally  contact  the  material  could  be 
based  upon  the  absorption  of  either 
x-rays  or  beta  rays. 

Beta  rays  are  absorbed  by  a  ma¬ 
terial  in  such  a  way  that  the  trans¬ 
mitted  intensity  of  the  beam  is  a 
function  of  the  initial  intensity  and 
energy  and  the  composition  and 
thickness  of  the  material.  The 
ratio  of  the  transmitted  to  the  inci¬ 
dent  intensity  can  be  a  measure  of 
the  thickness  of  homogeneous  ma¬ 
terial,  independent  of  the  perme¬ 
ability  or  the  conductivity. 

Beta-Ray  Sources 

The  available  sources  of  high- 
energy  beta  rays  are  given  in  Table 
I.  Radioactive  strontium,  which 
decreases  to  half  its  strength  in  65 


PUTTING  NUCLEONICS  TO 
WORK 

Here  is  one  of  the  first  articles  to 
give  details  for  industrial  utilization 
of  products  of  the  atomic  pile,  in¬ 
cluding  specific  circuits  permitting 
application  to  a  host  of  process  con¬ 
trol  problems. 

Radiostrontium  and  radiophos¬ 
phorus  for  use  as  beta-ray  sources  can 
now  be  obtained  from  United  States 
Atomic  Energy  Commission,  Isotopes 
Branch,  Box  E,  Oak  Ridge,  Tennessee. 


days,  is  ideal  because  of  the  lack  of 
obscuring  gamma-radiation.  Meas¬ 
urements  of  absorption  of  beta  rays 
in  iron  were  made,  using  a  Geiger- 
counter  tube  as  a  detector;  The  re¬ 
sults  are  plotted  in  Fig.  1,  along 
with  data  on  other  metals  for  com¬ 
parison.  The  equations  for  each  of 
these  curves  are  dl/I—a  dt,  and 
2.303  log  (/o//)=a  t.  The  absorp¬ 
tion  coefficient  a  is  0.346  per  mil  of 
iron  for  strontium  »Sr*  (1.32  mil¬ 
lion  electron  volts  or  mev). 

Table  I  also  shows  the  rate  at 
which  the  strength  of  radiostron¬ 


tium  decreases  logarithmically  with 
age.  One  might  buy  ‘twice  the 
strength  needed  for  a  specified  job 
and  replenish  it  every  56  days.  This 
is  particularly  economical  if  a  range 
of  thicknesses  is  to  be  measured. 

Detection  of  a  high-strength 
source  can  be  accomplished  with  a 
fluorescent  screen,  a  photomulti¬ 
plier  tube,  and  an  amplifier.  For 
low  intensities,  however,  the  con¬ 
ventional  detector  is  a  thin-walled 
Geiger-counter  tube,  and  such  tubes 
were  used  in  this  work. 

TblekRRts  Gog* 

An  intensity  meter  and  thickness 
gage  was  built  using  two  Geiger- 
counter  tubes  as  beta-ray  detectors, 
a  conventional  quenching  circuit, 
pulse-shaping  amplifiers,  a  pulse 
counter  consisting  of  an  averaging 
frequency  meter,  and  a  balancing 
circuit  to  indicate  the  change  in 
average  rate,  with  a  meter  to  read 
directly  the  thickness  change  in 
thousandths  of  an  inch  (mils).  The 
power  supplies  were  regulated  to 
minimize  line  fluctuation  effects. 


signal 
CABLE  2 
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tube  is  driven  from  cutoff  to  satura¬ 
tion  by  each  pulse.  A  series  grid 
resistor  is  used  so  that  saturation 
current  is  approximately  the  same 
regardless  of  the  amplitude  of  the 
input  pulses.  Each  pulse  change.'* 
the  voltage  across  a  precision  ca¬ 
pacitor  in  the  plate  circuit  by  a 
known  amount. 

The  capacitor  discharge  current 
flows  through  the  6H6  and  is  stored 
by  the  4-/if  capacitor.  Since  this 
capacitor  has  a  fixed  impedance 
drain,  the  current  through  the  im¬ 
pedance  and  the  voltage  across  the 
capacitor  are 'both  proportional  to 
the  average  frequency  of  the  pulses. 
This  is  measured  by  a  rate  meter 
calibrated  in  counts  per  second.  A 
gang  switch  provides  full-scale 
readings  of  1,  2,  5, 10,  20,  and  50  kc. 

A  second  circuit  contains  a  meter 
with  a  linear  scale  covering  +60  to 
—  50  percent  error  and  a  logarithmic 
scalftfrom  +2  to  —2  mils  thickness 
deviation.  This  carries  current  not 
only  from  the  rate  meter,  but  also 
from  a  balancing  circuit  which  sup¬ 
plies  constant  current  of  such  a 
magnitude  that  the  resultant 
through  the  meter  is  normally  zero 
with  a  sheet  of  the  correct  thick¬ 
ness. 

The  circuit  of  the  quenching  head  The  rate  meter  circuit  is  shown  Both  the  balancing  current  and 
is  given  in  Fig.  2.  The  G-M  tubes  in  Fig.  3.  The  positive  pulses  from  the  rate  meter  are  supplied  from 
and  amplifier  tubes  in  the  measur-  the  two  cathode  followers  are  added  the  same  regulated  source,  so  that 
ing  head  were  mounted  on  rubber  at  the  grid  of  the  6AK5,  clipped,  changes  in  this  290-volt  supply  have 
bushings  to  reduce  microphonics  amplified  further,  inverted  by  the  no  effect  on  the  deviation  meter, 
and  other  vibration  difficulties.  In  6C4,  and  sharpened  and  clipped  as  Diode  current  in  the  6H6  in  the 
order  to  get  the  high  counting  rate  positive  pulses  at  the  grid  of  the  absence  of  a  signal  is  prevented  by 
required  to  minimize  statistical  6AG7  frequency-meter  tube.  This  a  1.1-volt  bias  developed  across  the 
fluctuations,  the  time  constant  of 
the  G-M  tube  recharging  circuit 
was  made  as  low  as  possible.  Four 
megohms  was  the  lowest  series  re¬ 
sistance  that  could  be  used  between 


X-ray  picture  of  Geiger-counter  beta-ray  detectori  using  nickel  envelope*. 

wall  on  the  lower  side  of  each  tube  is  three  mil*  thick 


Hiitinrvh  unit  Drretofiment  Lahorntory,  fiummit  Corporation,  Scrontun,  Co. 


Table  I — Beta-Ray  Sources  Having  Long  Holi-Liie  and  High  Energy 
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the  high  voltage  and  the  G-M  anode 
and  still  have  a  satisfactory  plateau 
on  the  curve  of  counting  rate  versus 
anode  voltage. 

The  quenching  and  first  ampli¬ 
fier  tube  was  chosen  to  have  low 
capacitances  in  parallel  with  the 
G-M  tubes.  An  832- A  double  pen¬ 
tode  was  used  for  this  reason,  and 
also  because  of  its  higher  voltage 
rating  than  conventional  receiving- 
type  tubes.  The  amplifier  tubes 
were  miniatures  in  order  to  con¬ 
serve  space,  and  6C4  cathode  fol¬ 
lowers  were  u.sed  to  drive  the  long 
•signal  cables. 
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190-ohin  voltage-divider  resistor. 
The  calibration  of  the  frequency 
meter  is  independent  of  the  charac¬ 
teristics  of  the  6AG7  tube,  and  is 
a  function  only  of  the  magnitude  of 
the  plate  voltage  supply. 

Voltage  Sapplios 

Power  supply  circuits  used  for 
the  beta-ray  thickness  gage  are 
shown  in  Fig.  4.  Conventional  full- 
wave  and  half-wave  circuits  with 
VR  tubes  across  the  outputs  provide 
+300,  +150  and  —105  volts.  .The 
G-M  tubes  require  well-regulated 
voltage  sources,  however,  as  shown 
at  the  lower  left  in  Fig.  4.  A  neon 
glow  tube  reference  has  better  reg¬ 
ulation  than  a  VR  tube,  hence  four 
type  991  neon  tubes  are  used ;  these 
must  be  selected  and  pre-aged  care¬ 
fully.  All  of  the  first  amplifier 
tubes  in  the. voltage  regulator  cir¬ 
cuits  are  operated  at  very  low  cur¬ 
rents  so  that  the  total  change  in 
current  through  the  991  tubes  is 
about  one  ma,  which  is  the  maxi¬ 
mum  permissible  current  change 
for  satisfactory  operation.  The 
neon  tubes  also  regulate  the  +  290- 
volt  supply  for  the  frequency-meter 
tube  and  the  balancing  circuit. 

The  screen  grid  of  the  6SJ7  is 
supplied  from  an  unregulated 
source  in  order  to  compensate  par¬ 
tially  for  changes  in  the  a-c  line 
voltage.  The  fine  calibration  of  the 
frequency  meter  was  adjusted  by 
varying  the  290-volt  regulated  sup¬ 
ply  with  the  grid  potentiometer  for 
the  6SJ7  tube. 

Rate  Meter 

Since  this  pulse  counter  is  de¬ 
signed  to  measure  the  average  fre¬ 
quency  of  randomly  distributed 
pulses,  the  resolving  time  of  the 
6AG7  counting  tube  must  be  very 
short  with  reference  to  the  average 
time  between  pulses.  This  was  ac¬ 
complished  by  making  the  time  con¬ 
stants  low  for  the  charging  and 
discharging  circuits  of  the  preci¬ 
sion  capacitors. 

Figure  5  shows  the  calibration  of 
the  frequency  meter  for  pulses  with 
uniform  spacing.  It  can  be  seen 
that  the  response  dropped  to  92.6 
percent  of  what  it  should  be  at  ten 
times  full-scale  frequency,  on  each 
scale  except  50  kc. 

The  response  drop  of  Fig.  5  may 
be  approximately  analyzed  by  using 
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FIG.  3 — Measuring  circuits  of  the  beta-ray  thickness  gage 


FiG.  4 — Low-Toltage  supply  and  regulated  power  supply  for  thickness  gage 


a  universal  pulse  response  curve 
for  an  RC  circuit,  one  form  of 
which  is  plotted  in  Fig.  6A.  This 
shows  the  decrease  in  output  as  the 
pulse  length  becomes  shorter,  the 
time  between  pulses  being  very 
long.  The  condition  holds  for  all 
cases  where  the  response  is  limited 
by  the  time  constant  of  the  circuit 
carrying  current  during  the  pulse. 

Figure  6B  is  a  universal  pulse 
response  curve  of  an  RC  circuit 
when  pulse  length  is  fixed.  It  shows 
the  decrease  in  output  for  increas¬ 
ing  frequency  with  a  fixed  pulse 
length.  This  is  valid  only  when  the 
time  constant  is  much  less  than  the 
pulse  length  and  the  period  is 
slightly  more  than  the  pulse  length. 
It  holds  for  all  cases  where  the  re¬ 


sponse  is  limited  by  the  time  con¬ 
stant  of  the  circuit  carrying  cur¬ 
rent  between  the  pulses,  such  as 
two  pulses  occurring  close  together 
in  a  random  distribution.  The  gen¬ 
eralized  time  scale  is  the  ratio  of 
the  difference  between  the  pulse 
length  and  the  period  to  the  time 
constant. 

Figure  6C  shows  the  form  of  the 
resolution  curve  for  the  equipment 
for  uniform  input  frequencies.  The 
lower  universal  curve  is  the  same 
as  in  Fig.  6A,  and  /„//  is  the  ratio 
of  the  frequency  meter  response  to 
the  actual  frequency  as  given  in 
Fig.  5.  An  increase  in  the  average 
frequency  increases  the  bias  due  to 
grid  rectification  in  the  pulse-shap¬ 
ing  amplifiers  and  results  in  a  de- 
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crease  in  the  pulse  length.  This 
data  was  taken  with  the  gang 
switch  set  at  10  kc. 

The  intervals  in  a  Poisson  distri¬ 
bution  of  pulses  can  be  obtained 
from  Fig.  7.  For  an  average  rate 
of  F  counts  per  second  and  a  re¬ 
solving  interval  of  t  seconds  (no 
pulse  being  recorded  after  an  in¬ 
terval  shorter  than  t  seconds),  the 
per-unit  error  scale  (1— //F)  used 
with  curve  A  shows  the  fraction  of 
all  intervals  which  are  shorter  than 
t  seconds.  This  curve  and  scale 
also  represent  the  fraction  of  in¬ 
tervals  shorter  than  an  arbitrary 
t  in  any  Poisson  distribution,  irres¬ 
pective  of  whether  there  exists  an 
actual  measuring  device.  The  f/F 
scale  with  curve  A  gives  the  frac¬ 
tion  of  the  intervals  that  are  longer 
than  t  seconds. 

The  response  /«//  from  Fig.  5  is 
entered  in  Fig.  6A,  and  the  value 
of  t/T  determined.  Then  /  is  plot¬ 
ted  versus  t/T  in  Fig.  6C,  to  show 
the  decrease  in  the  pulse  length.  At 
low  frequencies  t/T  becomes  a  max¬ 
imum  of  about  14,  and  the  pulse 
length  t  is  a  maximum  of  2.2  micro¬ 
seconds.  The  pulse  length  does  not 
vary  in  a  random  distribution,  for 
it  is  a  function  only  of  the  average 
rate.  As  long  as  the  rate  meter 
reads  less  than  10  kc,  the  pulse 
length,  is  greater  than  1.4/i  sec. 

With  the  meter  switch  set  at 
10  kc  and  with  an  input  of  random 
pulses  whose  average  is  10  kc,  the 
meter  will  read  slightly  in  error  due 
to  some  of  the  pulses  coming  at 
very  close  intervals.  Those  pulses 
separated  by  a  spacing  less  than 
the  pulse  length  of  1.4  microsec¬ 
onds  will  not  count  at  all;  Ft =0.014 
and  per-unit  lost  pulses=0.014. 
Figure  6B  holds  in  this  case,  be¬ 
cause  the  pulse  length  is  constant 
as  long  as  the  average  frequency  is 
constant.  Each  pulse  will  count  for 
only  half  a  pulse  if  it  follows  an  in¬ 
terval  that  makes  (1//— t)/r=0.7. 
Since  r=0.16  microsecond  and 
t=1.4  microseconds,  this  makes 
1//=1.5  microseconds,  Ft=0.015, 
and  only  0.015—0.014=0.001  per- 
unit  pulses  count  between  zero  and 
one-half. 

Again  referring  to  Fig.  6B,  each 
pulse  will  count  for  0.99  of  a  pulse 
that  follows  an  interval  for  which 
1//=2.14  microseconds,  Ft=0.0214, 


and  only  0.0214—0.015=0.0064  per- 
unit  pulses  count  for  less  than  0.99 
pulse  and  more  than  0.5  pulse. 

Summing  these  effects,  effectively 
only  0.0146  per-unit  pulses  are  lost 
due  to  the  finite  resolving  time  of 
the  meter,  with  a  random  input. 
This  1.5-percent  error  corresponds 
to  a  rate  of  10  kc  and  is  consider¬ 
ably  less  for  lower  frequencies. 

In  addition  to  the  uniform  fre¬ 
quency  meter  scale,  one  could  use  a 
second  meter  scale  on  which  the 
spacing  of  the  divisions  compen¬ 
sated  for  this  error,  or  a  calibration 
curve  could  be  plotted.  (This  error 
in  the  rate  meter  must  not  be  con¬ 
fused  with  that  due  to  the  resolv¬ 
ing  time  of  the  Geiger-counter  tube 
itself,  which  is  of  a  different  kind.) 

Calibration  of  Thickness  Meter 

The  time  constants  of  the  elec¬ 
trical  circuits  for  the  rate  meter 
and  the  thickness  meter  are  long 
with  respect  to  0.1  second.  It  was 
desirable  for  the  thickness  meter 
to  average  over  an  interval  of  about 
i  second.  The  electromechanical 
system  of  a  100-microampere,  71- 
ohm,  3-inch  panel  meter  had  an 
apparent  time  constant  of  i  second 
when  a  total  equivalent  shunting 
resistance  of  400  ohms  was  pre¬ 
sented  to  the  meter. 

The  circuit  actually  used  for  the 
thickness  meter  consists  of  a  300- 
ohm  tapped  shunt  in  parallel  with 
this  style  of  meter.  The  rate  meter 
is  a  119-ohm  type,  shunted  with  125 
ohms.  The  939-ohm  resistance  in 
series  with  this  meter  performs  two 
functions.  It  makes  the  padding 
resistors  large,  so  that  small  resist¬ 
ance  changes  in  the  meter  and  re¬ 
laying  circuits  do  not  affect  the  cali¬ 
bration.  Conversely,  changes  in  the 
padding  resistors  with  changing 
scale  settings  do  not  alter  the  time 
constants  of  the  meters. 


The  zero  reading  on  the  thick¬ 
ness  meter  can  be  adjusted,  regard¬ 
less  of  the  rate  meter  reading,  by 
varying  the  compensating  current 
with  the  one-megohm  variable  re¬ 
sistance  shown  in  Fig.  3. 

A  given  angular  deflection  of 
the  thickness  meter  represents  a 
fixed  percentage  change  in  the  rate. 
Therefore,  the  calibration  of  the 
thickness  meter  must  be  a  function 
of  the  rate  meter  reading,  and  in¬ 
versely  proportional  to  it.  This 
change  in  calibration  is  effected  by 
a  tap  on  the  error  meter  shunt, 
which  varies  the  distribution  of 
current  between  the  meter  and  the 
shunt  without  varying  the  imped¬ 
ance  presented  to  the  meter  by  the 
shunt. 

The  taps  were  computed  so  that 
a  change  in  the  rate-meter  current 
of  50  percent  corresponds  to  a 
change  of  50  microamperes  in  the 
error  meter,  or  half  scale.  The 
error  meter  is  provided  with  a  zero- 
center  linear  percentage  scale  from 
-t-60  percent  for  a  negative  current 
of  60  microamperes  to  —50  percent 
for  a  positive  current  of  50  micro¬ 
amperes  through  the  meter.  There 
is  also  a  logarithmic  thickness  scale 
for  mils  of  iron. 

It  is  possible  to  correct  for  ap¬ 
parent  thickness  errors  due  to 
either  the  resolving  time  of  the  G-M 
tubes  or  the  use  of  a  strontium  in¬ 
stead  of  a  phosphorus  source.  The 
correction  is  made  by  changing  the 
setting  on  the  tapped  switch.  If 
the  thickness  meter  reads  only  0.8 
of  the  actual  thickness  change,  then 
the  tapped  switch  is  set  to  0.8  of  the 
actual  rate,  and  the  thickness  gage 
re-zeroed  with  the  continuously 
variable  potentiometer. 

Resolving  Time  and  Dead  Time 

There  are  two  common  types  of 
equipment  to  which  a  resolving 


FIG.  S — Frequency-meter  calibration  ior  uniiormly  spaced  pulses.  Ordinate  is  re¬ 
sponse  os  fraction  of  what  it  should  be 
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TIME  constant  T>RC 


FIG.  6 — UniTertal  rMponte  cunres  for  RC  ciicuita  with  TOriable-lenqth  and  fixed-length  pulses,  and  resolution  curre  for  the  equipment 


time  has  been  ascribed.  The  first  stead  of  the  actual  rate,  to  apply  to 
is  called  a  type  I  recorder.  In  me-  the  measured  rate.  This  has  been 

chanical  form,  it  is  a  pulse  counter  plotted  in  Fig.  8A.  It  can  be  seen 

with  a  rachet  mechanism.  To  be  tha't  K=ie  for  the  above-mentioned 

recorded,  a  count  must  be  preceded  maximum  condition  of  ft=l/e  and 
by  an  interval  t  (resolving  time)  Ft=l. 

during  which  no  count  has  arrived.  The  resolving  time  of  a  type  I 
This  is  the  time  required  for  the  device  can  be  measured  by  supply- 

rachet  mechanism  to  slide  over  a  ing  a  uniform  input  frequency  to 

new  tooth  and  engage  its  corner,  it.  The  resolving  time  is  equal  to 

If  a  number  of  counts  arrive  during  the  reciprocal  of  the  maximum  fre- 
this  time,  the  corner  will  never  be  quency  at  which  the  device  will  op- 
engaged,  and  na  count  will  be  re-  erate.  If  a  pure  random  distribu- 
corded.  tion  is  supplied,  the  resolving  time 

If  a  uniform  input  frequency  to  will  be  equal  to  the  reciprocal  of 
this  counter  is  slowly  increased,  the  input  frequency  F  when  the 
using  uniformly  spaced  input  measured  frequency  /  is  a  maxi¬ 
pulses,  the  counter  will  reach  a  mum:  t=l/F,=l/e/„,. 
maximum  and  then  jam,  as  shown  Sometimes  it  is  desired  to  com- 
by  curve  C  in  Fig.  7.  pute  the  resolving  time  from  meas- 

If  the  input  to  the  counter  is  a  urements  made  at  much  lower  rates. 
Poisson  distribution  of  average  rate  The  output  frequencies  of  the  de- 
F,  the  counting  rate  will  equal  vice  should  be  measured  for  two 
f=Fe''*.  The  measured  frequency  inputs  whose  ratio  is  exactly  two. 
f  will  reach  a  maximum  rate  of  F/e  This  can  be  done  by  accurately 
when  Ft=:l,  and  then  decrease.  This  changing  the  position  of  a  radioac- 
is  shown  by  curve  B  in  Fig.  7,  tive  source  from  which  the  random 
where  the  generalized  reading  ft  pulses  are  derived.  Then 
of  the  frequency  meter  is  plotted  ^  ^  ^ 
against  the  generalized  actual  input  '  ‘  -j',* 

frequency  Ft  of  random  pulses.  The  p,  *  2^ 
value  /  is  the  frequency  reading  of  '  <  =  /i/2/i*  lojt.  (2/i //:). 
a  t3T)e  I  meter  with  a  resolving  time  The  second  kind  of  device  which 
of  t  seconds.  has  a  resolving  time  is  called  a  type 

For  computing  an  actual  Poisson  II  recorder.  The  recorder  has  a 
distribution  it  is  often  convenient  mechanism  such  that  the  recovery 
to  have  a  correction  factor,  as  a  time  is  completely  unaffected  by 
function  of  the  measured  rate  in-  additional  counts  coming  in  during 


the  recovery  period.  This  can  be 
represented  physically  by  a  biased 
flip-flop  pulse  generator  operated 
from  negative  signals.  During  the 
pulse  which  follows  a  signal,  suc¬ 
cessive  signals  have  no  effect.  The 
length  of  the  pulse,  t,  is  called  the 
dead  time,  to  distinguish  it  from 
the  resolving  time  of  a  type  I  unit. 

If  the  average  frequency  of  a 
random  distribution  of  input  pulses 
to  this  device  is  slowly  increased, 
the  output  frequency  will  reach  a 
maximum  asymptotically,  and  will 
not  decrease  at  very  high  input 
rates.  The  output  frequency  meas¬ 
ured  on  the  device  will  be 
f=F/il+Ft).  This  reaches  a 
maximum  value  of  1/t,  as  shown  in 
Fig.  8B.  The  correction  factor  to 
apply  to  the  measured  frequency  is 
K={l+Ft)=l/{l-ft).  This  is 
plotted  in  Fig.  8C,  for  high  count¬ 
ing  rates.  For  low  counting  rates, 
the  correction  factor  is  approxi¬ 
mately  (1-f/t),  or  the  error  in  the 
measured  rate  is  f*t. 

If  the  input  to  this  device  is  a 
uniform  frequency,  the  output  will 
equal  the  input  until  the  maximum 
rate  of  response  is  reached,  then  the 
output  will  drop  to  one-half.  As 
the  input  frequency  rises  from  1/t 
to  2/t,  the  output  again  increases 
to  its  maximum  value,  and  then 
drops  to  two-thirds.  This  is  dotted 
curve  B  in  Fig.  8B.  The  response 
will  vary  between  the  maximum 
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value  and  points  on  the  random 
response  curve.  A  knowledge  of 
this  allows  one  to  measure  the  re¬ 
sponse  of  a  type  II  device  to  a  ran¬ 
dom  input,  using  only  uniform  test 
frequencies.  The  minimums  lie 
on  the  random  curve,  and  the  maxi- 
mums  are  the  asymptote.  Note  that 
the  meter  reads  correctly  for  fre¬ 
quencies  less  than  the  reciprocal  of 
the  dead  time  t. 

The  dead  time  can  also  be  com¬ 
puted  from  two  random  frequency 
measurements  at  much  lower  rates. 

=  F./d  -f  F,l) 
h  =  +  Fit) 

Ft  =  2F, 

t  =  2/ft  -  1//, 

G*ig«r-Coanf«r  Tubes 

The  Geiger-counter  tubes  used  in 
the  thickness  gage  operate  as  type 
II  devices  at  high  counting  rates. 
An  ionizing  event  in  the  tube  caused 


a  .small  discharge,  and  a  dehnite 
dead  time  had  to  elapse  before  the 
central  electrode  voltage  had  risen 
enough  so  that  another  ionizing 
event  would  cau.se  a  .second  cum’u- 
lative  discharge.  Beta  rays  that 
entered  the  tube  while  the*  voltage 
was  low  operated  as  ionizing  events 
but  the  rise  of  ionization  was  not 
cumulative,  and  therefore  these 
beta  rays  represented  lost  counts. 
These  counter.s  had  a  maximum 
asymptotic  rate  of  16,000  cps  as 
used  in  the  thickness  gage  circuit. 
This  represented  a  dead  time  of  60 
microseconds. 

There  was  another  .serious  disad¬ 
vantage  of  this  dead  time.  The 
change  of  counting  rate  with 
change  of  beta-ray  intensity  was 
less  at  the  higher  counting  rates, 
and  became  zero  at  16,000  cps.  A 
low  counting  rate  gave  the  best 


resolution  for  thickne.ss  changes, 
but  a  high  counting  rate  was  needed 
to  minimize  the  statistical  fluctua¬ 
tions  for  rapid  readings.  The  ef¬ 
fectiveness  of  a  G-M  tube  can  be 
taken  as  the  product  of  its  ability 
to  resolve  thickness  changes  and 
its  accuracy. 

The  per-unit  fluctuation  in  a 
single  reading  of  N  counts  is  N'^’’ 
for  a  true  Poisson  distribution.  The 
per-unit  (fractional)  probable  er¬ 
ror  of  a  rate  meter  reading  of  time 
constant  T  with  n  G-M  tubes  each 
receiving  F  random  counts  per  sec¬ 
ond  is  {2nFt)'^\ 

Curve  A  in  Fig.  8B  is  ft  = 
Ft/(1  -f  Ft).  Thickness  change 
resolution  is  proportional  to  its 
slope:  df/dF  =  1/(1  -f-  Ft)^.  The 
effectiveness  product  would  be  P  = 
(2nFO'’®/(l  +  Ft)-.  This  product 
is  a  maximum  when  dp/dF  =  0. 
Then  Ft  =  1/3.  From  Fig.  8B,  ft  = 
1/4  and  f  -  1  /4f  =  16,000/4  =  4,000 
cps  reading,  per  tube.  Nothing  is 
gained  in  exceeding  this  rate,  for 
the  G-M  tubes  are  more  stable  at 
lower  counting  rates. 

Gaging  Sheet  Steel 

One  application  of  a  thickness 
gage  of  this  sort  is  in  a  tin  plate 
mill,  where  steel  sheets  range  in 
thickness  from  7  mils  to  24  mils. 
•These  sheets  can  be  measured  by 
the  beta-ray  thickness  gage  as  they 
move  on  the  shearing  line.  After 
being  cut  into  lengths,  the  sheets 
can  be  sorted  by  a  mechanical  gate 
(controlled  by  the  measuring  de¬ 
vice)  into  on-gage  and  off-gage 
sheets.  The  switches  on  the  thick¬ 
ness  meter  control  a  memory  device 
on  the  mechanical  gate,  which  takes 
care  of  the  time  lag  necessary  due 


FIG.  8 — Corroction-iactor  cunrM  for  typo  I  and  typo  II  recorders,  and  response  of  type  II  meter  to  Poisson  distribution  of  pulses 
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FIG.  6 — Universal  response  curves  ior  RC  circuits  with  variable-length  and  fixed-length  pulses,  and  resolution  curve  for  the  equipment 


time  has  been  ascribed.  The  first  stead  of  the  actual  rate,  to  apply  to 
is  called  a  type  I  recorder.  In  me-  the  measured  rate.  This  has  been 
chanical  form,  it  is  a  pulse  counter  plotted  in  Fig.  8A.  It  can  be  seen 
with  a  rachet  mechanism.  To  be  that  K—e  for  the  above-mentioned 
recorded,  a  count  must  be  preceded  maximum  condition  of  ft=l/e  and 
by  an  interval  t  (resolving  time)  Ft=l. 

during  which  no  count  has  arrived.  The  resolving  time  of  a  type  I 
This  is  the  time  required  for  the  device  can  be  measured  by  supply- 

rachet  mechanism  to  slide  over  a  ing  a  uniform  input  frequency  to 
new  tooth  and  engage  its  corner,  it.  The  resolving  time  is  equal  to 
If  a  number  of  counts  arrive  during  the  reciprocal  of  the  maximum  fre- 
this  time,  the  corner  will  never  be  quency  at  which  the  device  will  op- 
engaged,  and  nor  count  will  be  re-  erate.  If  a  pure  random  distribu- 
corded.  tion  is  supplied,  the  resolving  time 

If  a  uniform  input  frequency  to  will  be  equal  to  the  reciprocal  of 
this  counter  is  slowly  increased,  the  input  frequency  F  when  the 
using  uniformly  spaced  input  measured  frequency  /  is  a  maxi¬ 
pulses,  the  counter  will  reach  a  mum:  f=l/F,=l/ef„. 
maximum  and  then  jam,  as  shown  Sometimes  it  is  desired  to  com- 
by  curve  C  in  Fig.  7.  pute  the  resolving  time  from  meas- 

If  the  input  to  the  counter  is  a  urements  made  at  much  lower  rates. 
Poisson  distribution  of  average  rate  The  output  frequencies  of  the  de- 
F,  the  counting  rate  will  equal  vice  should  be  measured  for  two 
/=Fc'^'.  The  measured  frequency  inputs  whose  ratio  is  exactly  two. 
f  will  reach  a  maximum  rate  of  F/e  This  can  be  done  by  accurately 
when  Ft=zl,  and  then  decrease.  This  changing  the  position  of  a  radioac- 
is  shown  by  curve  B  in  Fig.  7,  tive  source  from  which  the  random 
where  the  generalized  reading  ft  pulses  are  derived.  Then 
of  the  frequency  meter  is  plotted  ^  ^  ^ 
against  the  generalized  actual  input  '  ‘ 

frequency  Ft  of  random  pulses.  The  p,  *  2^ 
value  /  is  the  frequency  reading  of  '  <  =/*/2/i*Iok,  (2/,//,). 
a  t3T)e  I  meter  with  a  resolving  time  The  second  kind  of  device  which 
of  t  seconds.  has  a  resolving  time  is  called  a  type 

For  computing  an  actual  Poisson  II  recorder.  The  recorder  has  a 
distribution  it  is  often  convenient  mechanism  such  that  the  recovery 
to  have  a  correction  factor,  as  a  time  is  completely  unaffected  by 
function  of  the  measured  rate  in-  additional  counts  coming  in  during 


the  recovery  period.  This  can  be 
represented  physically  by  a  biased 
flip-fiop  pulse  generator  operated 
from  negative  signals.  During  the 
pulse  which  follows  a  signal,  suc¬ 
cessive  signals  have  no  effect.  The 
length  of  the  pulse,  t,  is  called  the 
dead  time,  to  distinguish  it  from 
the  resolving  time  of  a  type  I  unit. 

If  the  average  frequency  of  a 
random  distribution  of  input  pulses 
to  this  device  is  slowly  increased, 
the  output  frequency  will  reach  a 
maximum  asymptotically,  and  will 
not  decrease  at  very  high  input 
rates.  The  output  frequency  meas¬ 
ured  on  the  device  will  be 
f=F/{l-\-Ft).  This  reaches  a 
maximum  value  of  1/t,  as  shown  in 
Fig.  8B.  The  correction  factor  to 
apply  to  the  measured  frequency  is 
K=(H-FO=l/(l-/t).  This  is 
plotted  in  Fig.  8C,  for  high  count¬ 
ing  rates.  For  low  counting  rates, 
the  correction  factor 


IS  approxi¬ 
mately  (l4-/i),  or  the  error  in  the 
measured  rate  is  ft. 

If  the  input  to  this  device  is  a 
uniform  frequency,  the  output  will 
equal  the  input  until  the  maximum 
rate  of  response  is  reached,  then  the 
output  will  drop  to  one-half.  As 
the  input  frequency  rises  from  l/t 
to  2/t,  the  output  again  increases 
to  its  maximum  value,  and  then 
drops  to  two-thirds.  This  is  dotted 
curve  B  in  Fig.  8B.  The  response 
will  vary  between  the  maximum 
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value  and  points  on  the  random 
response  curve.  A  knowledge  of 
this  allows  one  to  measure  the  re¬ 
sponse  of  a  type  II  device  to  a  ran¬ 
dom  input,  using  only  uniform  test 
frequencies.  The  minimums  lie 
on  the  random  curve,  and  the  maxi- 
mums  are  the  asymptote.  Note  that 
the  meter  reads  correctly  for  fre¬ 
quencies  less  than  the  reciprocal  of 
the  dead  time  t. 

The  dead  time  can  also  be  com¬ 
puted  from  two  random  frequency 
measurements  at  much  lower  rates. 

fi  “  +  Fit) 

ft  =  F,/(l  -I-  F,<) 

Ft  =  2Fi 
t  “2//,-!//, 

G«i9«r-CeHRt*r  Tabes 

The  Geiger-counter  tubes  used  in 
the  thickness  gage  operate  as  type 
II  devices  at  high  counting  rates. 
An  ionizing  event  in  the  tube  caused 


a  small  discharge,  and  a  definite 
dead  time  had  to  elapse  before  the 
central  electrode  voltage  had  risen 
enough  so  that  another  ionizing 
event  would  cause  a  second  cum*u- 
lative  discharge.  Beta  rays  that 
entered  the  tube  while  the'  voltage 
was  low  operated  as  ionizing  events 
but  the  rise  of  ionization  was  not 
cumulative,  and  therefore  these 
beta  rays  represented  lost  counts. 
These  counters  had  a  maximum 
asymptotic  rate  of  16,000  cps  as 
used  in  the  thickness  gage  circuit. 
This  represented  a  dead  time  of  60 
microseconds. 

There  was  another  serious  disad¬ 
vantage  of  this  dead  time.  The 
change  of  counting  rate  with 
change  of  beta-ray  intensity  was 
less  at  the  higher  counting  rates, 
and  became  zero  at  16,000  cps.  A 
low  counting  rate  gave  the  best 


re.solution  for  thickness  changes, 
but  a  high  counting  rate  was  needed 
to  minimize  the  statistical  fluctua¬ 
tions  for  rapid  readings.  The  ef¬ 
fectiveness  of  a  G-M  tube  can  be 
taken  as  the  product  of  its  ability 
to  resolve  thickness  changes  and 
its  accuracy. 

The  per-unit  fluctuation  in  a 
single  reading  of  N  counts  is  N'^” 
for  a  true  Poisson  distribution.  The 
per-unit  (fractional)  probable  er¬ 
ror  of  a  rate  meter  reading  of  time 
constant  T  with  n  G-M  tubes  each 
receiving  F  random  counts  per  sec¬ 
ond  is  (2nFO'"*. 

Curve  A  in  Fig.  8B  is  ft  = 
Ft/(1  -1-  Ft).  Thickness  change 
resolution  is  proportional  to  its 
.slope:  df  dF  =  1/(1  -}-  Fty.  The 
effectiveness  product  would  be  P  = 
(2»FO'’V(l  +  Fty.  This  product 
is  a  maximum  when  dp/dF  =  0. 
Then  Ft  =  1/3.  From  Fig.  8B,  ft  = 
1,^  and  /  =  \/At  =  16,000/4  =  4,000 
cps  reading,  per  tube.  Nothing  is 
gained  in  exceeding  this  rate,  for 
the  G-M  tubes  are  more  stable  at 
lower  counting  rates. 

Gaging  Sheet  Steel 

One  application  of  a  thickness 
gage  of  this  sort  is  in  a  tin  plate 
mill,  where  steel  sheets  range  in 
thickness  from  7  mils  to  24  mils. 
•These  sheets  can  be  measured  by 
the  beta-ray  thickness  gage  as  they 
move  on  the  shearing  line.  After 
being  cut  into  lengths,  the  sheets 
can  be  sorted  by  a  mechanical  gate 
(controlled  by  the  measuring  de¬ 
vice)  into  on-gage  and  off-gage 
sheets.  The  switches  on  the  thick¬ 
ness  meter  control  a  memory  device 
on  the  mechanical  gate,  which  takes 
care  of  the  time  lag  necessary  due 
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FIG.  8 — Corrnction-iactor  curms  for  typo  I  and  type  11  recorder!,  and  response  of  type  II  meter  to  Poisson  distribution  of  pulses 
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error  for  a  steady  rate  of  change  of 
thickness  would  be  only  0.3  R^T. 

The  speed  of  operation  of  a  thick¬ 
ness  gage  is  an ‘important  factm. 
The  beta-ray  gage  is  limited  by  the 
time  constant  of  the  integrating 
rate  meter.  If  this  time  constant  is 
short  to  make  the  speed  of  operation 
fast,  then  the  statistical  errors  will 
be  large.  As  the  time  constant  is 
increased,  both  the  statistical  errors 
and  the  speed  of  operation  will  de¬ 
crease. 

In  designing  a  gage,  the  maxi¬ 
mum  statistical  error  (three  times 
the  probable  error)  should  be  made 
equal  to  the  maximum  speed  error, 
and  each  equal  to  half  of  the  total 
permissible ’error  E  in  mils. 

E/2  =  3  X  2.94/v/2^ifT  -  0  7 

T  -E/\AR,n 

-  25.2  (2.94)*  R^/P 

Design  values  of  total  error  E  and 
maximum  rate  of  thickness  change 
can  be  entered  in  this  equation, 
and  minimum  values  of  total  ran¬ 
dom  counts  per  second,  (r?F)  can 
be  computed. 

The  total  thickness  change  which 
it  is  desired  to  measure  determines 
the  maximum  counting  rate,  and  in¬ 
fluences  the  number  of  tubes  re¬ 
quired.  The  value  of  given 

above  occurs  at  maximum  thickness. 
If  the  minimum  thickness  is  d  mil.< 
less  than  the  maximum, 

For  a  G-M  dead  time  t,  the  max¬ 
imum-effectiveness  product  occurs 
at  a  rate  F  =  l/3i.  It  is  not  good 
practice  to  operate  the  G-M  tubes 
at  a  rate  much  higher  than  this, 
and  therefore  Fb,„  =  1/St.  The 
number  of  tubes  required  is 

n=  R.J  e®  *«  <'/£* 

If  is  0.2  mil  per  second,  t  is 
60  microseconds,  d  is  0.2  mil,  and 
the  maximum  permissible  error  is 
0.2  mil,  T  =  0.7  second,  and  n  =  1. 
One  tube  is  thus  required.  If  the 
measurable  thickness  change  d  is 
increased  by  a  factor  of  ten  to  2.0 
mils,  the  time  constant  will  be  un¬ 
changed,  but  two  tubes  will  be  re¬ 
quired.  If,  further,  the  maximum 
error  is  decreased  to  0.1  mil,  the 
meter  time  constant  must  be  halved 
to  0.35  second,  and  the  number  of 
tubes  required  increased  by  a  fac¬ 
tor  of  8,  to  16  total.  It  can  be  seen 
that  the  permissible  error  is  a  very 
critical  design  factor. 


to  the  physical  displacement  be¬ 
tween  the  flying  micrometer  and  the 
gate. 


CeatinuoMt-ReadiNg  M*t«r 

The  maximum  error  in  any  con¬ 
tinuous  measurement  of  this  sort 
can  be  estimated.  Figure  9  shows 
the  ele9trical  equivalent  circuit  of 
the  indicating  meter,  where  input 
voltage  X  and  output  voltage  Y  cor¬ 
respond  to  the  actual  thickness  and 
the  measured  thickness  respectively. 
The  response  of  this  circuit  is 

X  ^iR+Y 
X  -  iR  -I-  (l/Cp)i 
Cp  X  —  RCpi  +  i  —  Tfri  -f-  i 
i  -  CpX/(l  -I-  Tp) 

Here  T  =  RC  is  the  time  constant  of 
the  measuring  circuit  or  meter. 

When  X  has  been  changing  stead¬ 
ily  in  the  same  direction  for  a  long 
time,  and  the^e  is  no  second  deriv¬ 
ative  of  either  X  or  F  with  respect 
to  time,  dX/dt  =  dY/dt,  i  —  C 
dY/dt  -  C  dX/dt,  &nd  X  =  Y  +  iR 
=  Y  +  T  dX/dt.  The  maximum 
error  in  the  measurement  of  X  is 
(Tdx/dt). 

If  we  assume  that  a  constant 
thickness  of  sheet  is  coming 
through  the  micrometer,  and  that  at 
time  t  =  0  the  thickness  began  to 
increase  at  a  constant  rate  of  dx/dt 
=  R„  the  solution  would  be 
i  =  +  C  dX/dt 

When  t  =  0,  i  =  0,  error 


Y.  MEASURED 
THICKNESS 


X« ACTUAL 
THICKNESS 


0.693  T 


0693  R.T 


FIG.  9 — Tim*  response  cmd  equiralent 
electrical  circuit  of  indicating  meter 


This  is  also  the  time«t  which  the 
error  is  zero  and  the  dotted  Y  curve 
crosses  the  solid  X  curve,  for  when 


R^(\  -  =  -  ft, 

t/T  -  in  (ft,  -  ft,)/ft. 

If  R,  =  -R„  t,  =  0.693  T.  At  this 
instant,  the  meter  has  its  maximum 
deflection,  and  is  in  error  from  the 
maximum  height  of  the  bump  by 
0.693  RtT.  The  error  reaches  its 
maximum  practical  value  when  the 
rate  of  thickness  change  has  been 
constant  in  the  same  direction  for 
considerably  longer  than  the  meter 
time  constant.  This  is  again  the 
value  RtT.  The  maximum  error  in 
,  the  time  position  of  a  sharp  bump 
’  is  thus  0.693  T  where  T  is  the  time 

constant  of  the  measuring  system, 
and  the  maximum  error  in  the 
Error  -  X  —  Y  =  TRi  (I  —  height  of  a  sharp  bump  is  0.693 

After  a  long  time,  the  steady-state  R„T  where  R^  =  dX/dt. 
value  of  y  is  Y  =  X  —  R/T,  and 
maximum  error  =  R/T. 

The  curve  of  thickness  X  in  Fig. 

9  also  shows  a  sharp  bump  on  the 
sheet.  Considering  zero  time  at  the 
peak  of  the  bump,  there  is  a  steady 
rate  of  change  of  thickness  dX/dt 
=  i2,  before  zero  time,  and  a  dif¬ 
ferent  rate  of  change  R,  (negative) 
afterwards. 

I  =  +  CdX/dt  t  >0 

When  t  is  0,  i  =  (X—Y)/R  = 

R,T/R  =  K  +  CR„K=C  (R^-R^), 
and 

t  -  Cftid  -  e-'/*")  +  CRie-‘^T 

y  is  a  maximum  at  time  when 
dY/dt  =  0. 

y  =>  X  -  ift  =  Xo  -t-  ft,t  - 

TRi  (1  -  e-‘/r)  _  Tftic"*/’’ 
dY/dt  =  ft,  (1  -  -I-  ft,e-*''*’ 

<„/r  =  in  (ft,  -  ft,)/ft,. 


Proposed  Systems 

An  optimum  in  operation  is  ob¬ 
tained  if  the  setting  of  a  sorting  or 
reject  gate  considers  the  fact  that 
the  meter  reading  most  closely  ap¬ 
proximates  the  thickness  of  the 
sheet  passing  through  a  short  time 
before.  A  sheet  that  registers  on- 
gage,  following  one  that  registered 
off-gage,  is  always  a  gbod  sheet. 
Therefore,  for  conservative  opera¬ 
tion,  the  reject  gate  may  be  set  to 
discard  the  sheet  preceding  as  well 
as  an  indicated  bad  sheet. 

In  an  acceptable  thickness  gage, 
the  meter  reading  should  be  as¬ 
sumed  to  correspond  to  the  thick¬ 
ness  at  a  time  0.7  T  preceding. 
This  gives  the  error  in  height  for 
sharp  bumps  as  0.7  RmT,  and  the 
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Towboat  traffic  on  narrow  inland  waterways  is  expedited  by  radar  equipment.  Saving 
as  much  as  $100  an  hour  when  ships  are  stalled  in  fog,  use  of  electronic  units  permits 
continuous  movement  of  boats  and  harges  in  conditions  of  zero  visihilitv 


Fog  has  always  been  the  enemy 
of  commerce  on  the  Ohio  River 
and  many  other  inland  streams  of 
the  country.  At  some  seasons  of 
the  year  it  persists  during  the  early 
hours  of  almost  every  day.  Mixed 
with  smoke  from  the  factories  of 
cities  it  is  doubly  prevalent  in  the 
vicinity  of  the  numerous  highly  in¬ 
dustrialized  areas. 

Large  towboats  often  push  tows 
of  20,000  deadweight  tons  and  some 
of  these  and  other  boats  on  the 
Ohio  and  Mississippi  cost  as  much 
as  $100  per  hour  to  operate.  Until 
the  advent  of  radar  they  were 
forced  to  tie  to  the  riverbank  in 
time  of  fog,  with  a  resultant  slow¬ 
down  of  movement,  increased  cost 
of  operation,  and  obviously,  at  an 


By  B.  B. TALLEY 

Cotonel,  Corp$  of  Engineer$ 

DUtHct  Engineer,  LouUville  District 
Corps  of  Engineers,  V8A 

increased  cost  to  the  consumer  of 
the  goods  being  transported. 

As  a  means  of  permitting  con¬ 
tinuous  movement  of  traffic  on  in¬ 
land  waterways  regardless  of 
weather,  the  Louisville  District, 
Corps  of  Engineers,  in  May,  1946, 
undertook  the  development  of  radar 
and  radar  navigation  charts  for 
the  Ohio  River.  Private  navigation 
interests,  notably  the  Ashland  Oil 
&  Refining  Company,  have  equipped 
some  of  their  boats  with  radar  for 
experimental  purposes  with  note¬ 
worthy  results  and  the  U.  S.  Coast 


Guard  has  \  installed  a  three-centi¬ 
meter  radar  aboard  its  cutter 
SUMAC. 

Sarvcy  Eqaipment 

In  March  1947,  the  Louisville 
District  installed  ,  a  Radiomarine 
Corporation  model  ;^,CR  101  radar 
on  the  survey  boat  CHEROKEE,  a 
converted  sea-air  rescue  boat.  The 
equipment  incorporates  many  of 
the  latest  advances  in  the  radar 
field,  providing  optimum  perform¬ 
ance  at  ranges  of  1^  and  5  miles, 
with  appropriate  range-rings  for 
all  ranges  to  50  miles.  It  radiates 
a  1.6-degree  horizontal  beam  on  a 
17-degree  vertical  pattern,  using  a 
super  high  frequency  of  9.320-9,500 
megacycles,  and  magnetron  center 
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Pilot's  radar  Tiow  of  bridges  and  locks  as  the  SOHIO  SOUTH¬ 
ERN  loaTM  the  canal  at  LouisTillo.  Tho  white  circie  at  center 
is  the  boot  and  the  proiection  upward  is  the  line  oi  barges 


Now  in  midstream,  the  ship  and  its  tow  passes  the  intaks 
works  of  the  LouisTille  municipal  woter  system.  The  whit* 
spot  in  the  channel  at  the  top  oi  the  photo  is  an  oncoming  boot 


frequency  of  9,375  megacycles,  3.2- 
tentimetey  wavelength. 

The  unit  gives  good  range-resolu¬ 


tion  with  a  minimum  range  of  80  auxiliary  generator  set,  and  draws 
yards.  It  is  presently  powered  approximately  12  amperes  at  an 
from  a  5-kw,  4-cylinder,  60-cycle  a-c  input  voltage  of  117. 

Objects  as  close  as  80  yards  are 

- - w  reproduced  on  a  ppi  scope  and  mate- 

,  rially  assist  in  navigating  narrow 

I  river-channels  and  approaches  to 

,,  locks  and  dams.  The  antenna  re- 

^  volves  at  12  rpm  through  a  360- 
^  I  V  M  j  degree  path,  thus  scanning  the  hori¬ 

zon  once  each  five  seconds.  Inas¬ 
much  as  the  cathode-ray  tube  has  a 
persistence  of  image  of  about  30 
seconds,  a  continuous  image  re¬ 
mains  on  the  screen. 

Continuous  Chart 

A  series  of  overlapping  or  con¬ 
tiguous  photographs  of  the  screen 
made  as  the  boat  progresses  along 
a  given  line  (the  sailing  line  of  a 
channel)  can  be  combined  into  a 
controlled  mosaic  to  form  a  con¬ 
tinuous  strip  map  or  chart.  A  4  x  5 
Graflex  camera  is  fitted  to  the  ra¬ 
dar,  mounted  in  a  metal  hood  and 
at  a  fixed  focal  length  from  and 
parallel  to  the  plane  of  the  screen. 

This  arrangement  was  satisfac¬ 
tory  for  experimental  purposes  and 
with  certain  refinements,  including 
the  introduction  of  an  automatic 
shutter-operation,  might  prove  an 
acceptable  method  of  conducting 
an  ultimate  program  of  chart  mak¬ 
ing.  Concurrent  experiments  are 
underway,  with  an  automatic  radar 
recording  camera  built  for  strictly 
military  purposes  during  the  war 
by  the  Fairchild  Camera  and  In¬ 
strument  Corporation. 

To  obtain  photographs  with  the 


*»»«4 


OAW  36 
t  OCMC 


I  NAVKMTION  CHART  Nai03 

;]  OHIO  RIVER 

LOUSVILIX  W5TBICT 


A  coDTentionol  navigation  chart  of  the  Ohio  River  at  Cincinnati  Is  ehown  at  top. 
Below  It  la  a  controlled  mosaic  formed  by  matching  several  photographs  of  radar 
images  token  at  several  points,  and  rephotographing.  With  the  new  chort,  pilot 
of  radar-equipped  boat  can  follow  the  channel  or  sailing  line  In  fog  or  darkness 
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Distance  rings  one-half  mile  apart  show  on  approaching  boat 
as  o  little  more  than  a  mile  oway.  The  ship  is  now  following 
the  sailing  line  off  Six  Mile  Island  aboTe  LouisTille 


Clear  sailing  ahead  after  passing  bridges  and  other  obstruc¬ 
tions  at  LoulSTille.  Unhampered  by  fog  or  night,  the  pilot  can 
match  the  scope  screen  against  the  radar  norigotion  chart 


Fairchild  camera,  it  is  necessary 
only  to  mount  it  on  the  radar,  set 
the  intervalometer  at  the  desired 
interval,  and  turn  on  the  switch. 
The  camera  is  interconnected  with 
the  electrical  circuit  of  the  radar 
and  operates  with  manual  attention 
only  to  the  intervalometer. 

Because  of  persistence  of  image 
on  the  ppi  scope,  the  image  obtained 
by  one  sweep  of  the  antenna  can¬ 
not  be  erased  before  the  next  one 
commences  to  be  formed.  Thus, 
there  are  2  to  3  overlapping  images 
of  different  degrees  of  brilliance  on 
the  scope  at  all  times.  This  causes 
a  blurred  picture  when  photo¬ 
graphed.  To  eliminate  this  over¬ 
lapping  and  to  increase  definition 
of  image,  the  cathode-ray  tube  is 
energized  only  during  periods  of 
photography.  This  is  done  auto¬ 
matically  by  a  relay  in  the  elec¬ 
trical  circuit  of  the  radar  and  cam¬ 
era. 

The  camera  magazine  has  a  ca¬ 
pacity  of  1,600  exposures,  and  one 
loading  of  the  camera  is  sufficient 
to  photograph  more  than  100  miles 
of  river. 

Beacons  Needed 


tion  charts  in  its  correct  position 
on  the  radar  charts,  a  pilot  would 
be  running  some  risk  should  he  at¬ 
tempt  to  navigate  within  a  narrow 
channel  under  a  bridge  with  only 
the  location  of  his  sailing  line 
shown  on  his  chart. 

It  is  necessary  for  him  to  judge 
his  distance  from  shore  and  esti¬ 
mate  the  location  of  the  bridge 
piers.  This  situation  can  be  cor¬ 
rected  by  placing  buoys  or  channel 
markers  above  and  below  the  bridge 
to  mark  the  navigable  span  to  be 
picked  up  by  radar  when  they  are 
one  half  to  one  mile  distant.  There 
are  objections  to  placing  these 
buoys  in  the  river,  however,  as  they 
would  become  possible  obstructions 
to  navigation,  or  at  least  tend  to 
confuse  the  pilots  of  craft  not 
equipped  with  radar. 

The  solution  may  lie  in  the  field 
of  small,  economically-built  low- 
power  automatic  transponder  ra¬ 
dars,  or  the  perfection  of  a  suitable 
metal  target  easily  and  cheaply  in¬ 
stalled  and  requiring  a  minimum  of 
maintenance  attention.  The  coded 
transponder  is  a  form  of  automatic 
radar  transmitter  that  sends  out 
interrupted  signals  in  a  predeter¬ 
mined  code.  This  positive  signal  is 
stronger  than  the  echo  signals  to 
the  master  radar  and  it  shows  with 
greater  brightness  on  the  cathode- 
ray  tube  screen  than  those  reflected 
from  surrounding  objects. 

The  best  known  of  these  coded  in¬ 
struments  is  the  Army  Air  Force’s 
iff  system  (Identification  Friend  or 
Foe).  The  Air  Material  Technical 


Command  at  Wright  Field  is  coop¬ 
erating  in  the  studies.  A  conception 
of  the  result  desired  is  shown  in  the 
accompanying  illustrations. 

The  present  radar  navigation 
chart  requires  use  of  illumination 
at  night.  This  is  objectionable  to 
pilots,  accustomed  to  working  in  the 
dark.  The  objection  may  be  over¬ 
come,  either  by  means  of  transpar¬ 
ent  radar  charts  to  be  viewed  on  a 
light  table,  or  by  printing  the 
charts  with  fluorescent  ink  which 
will  glow  under  ultraviolet  light — 
the  latter  has  been  done  simply  and 
effectively. 


Radar  console  in  the  survey  boat  CHE¬ 
ROKEE.  Attoched  to  the  light  shield  is 
the  automatic  recording  camera 


One  shortcoming  of  radar  has 
been  its  failure  to  resolve  into  easily 
identifiable  form  the  individual 
piers  and  spans  of  a  bridge.  As 
they  appear  on  provisional  radar 
navigation  charts  the  images  of 
bridges  are  solid  white  (blank) 
walls  across  the  stream.  Although 
the  sailing  line  has  been  trans¬ 
cribed  from  conventional  naviga¬ 
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Tube  Failures 


Analysis  of  causes  of  tube  failures*in  18,800-tube  electronic 
computing  machine  during  one  year  of  operation  shows  that 
open  heaters  and  damaged  cathode  coatings  are  chief 
troubles.  An  average  of  two  tubes  failed  each  time  the  a-c 
supply  to  the  heaters  was  shut  down 


Retearch  Engineer 

Moore  School  of  Electrical  Engineering 
Vnirereity  of  Penneylrania 
Philadelphia,  Pa. 


Blistcrvd  cathodei  of  6SN7  tub*  after 
blieteib  bare  broken  away 


off  at  night  for  the  first  few  months, 
and  during  this  period  a  compara¬ 
tively  large  number  of  tube  fail¬ 
ures  resulted  from  heater-to-cath- 
ode  shorts.  It  was  felt  that  these 
failures  might  be  due  to  initial 
current  surges  in  the  a-c  circuit. 
Investigation  showed  the  transient 
current  to  be  approximately  four 
times  steady  state,  which  agrees 
well  with  the  hot-to-cold  resistance 
ratio  of  tungsten  heaters  at  1,000 
to  1,200  degrees  K. 

It  was  necessary  at  that  time  to 
allow  any  corrective  circuit  change 
to  wait  until  the  scheduled  moving 
of  the  ENIAC  to  Aberdeen,  Mary¬ 
land,  and  to  leave  the  heater  cir¬ 
cuits  on  24  hours  a  day  with  the 
exception  of  accidental  power  fail¬ 
ures.  The  rate  of  failure  for  a-c 
shut  downs  averaged  about  two 
tube  failures  out  of  18,800  per 
heater  shut  down,  which  was  a 


small  rate  but  undesirable  because 
of  the  time  required  to  locate  and 
replace  failures. 

Meanwhile  a  series  of  experi¬ 
ments  was  started,  using  100  tube 
samples,  to  determine  whether  a 
graduated  application  of  voltage 
would  materially  reduce  the  rate  of 
failure  caused  when  heaters  were 
turned  off  and  on.  Such  experiments 
showed  no  difference  between  the 
group  of  tubes  to  which  full  volt¬ 
age  was  applied  at  once  and  those 
receiving  a  gradual  application  of 
voltage. 

It  was  the  practice  to  shut  off  the 
d-c  supply  each  night  and  at  any 
time  the  ENIAC  was  left  unat¬ 
tended  except  when  it  was  actually 
working  on  a  problem.  No  correla¬ 
tion  between  d-c  supply  voltage 
shut  downs  and  tube  failure  rate 
was  noticed. 


The  Electronic  Numerical  Inte¬ 
grator  and  Computor  (ENIAC) 
provides,  after  a  year  of  operation, 
unique  life  test  information  in  the 
failures  among  its  18,800  vacuum 
tubes  and  their  chronological  occur¬ 
rence  during  that  year.  All  tubes 
which  failed  were  opened  and  ex¬ 
amined  with  a  binocular  micro¬ 
scope,  and  all  noticeable  defects 
were  classified  and  recorded.  The 
various  faults  which  caused  tube 
failure  are  illustrated  and  discussed 
here,  and  in  several  cases  their  rate 
of  occurrence  is  plotted  against 
time. 

In  the  ENIAC,  numbers  are  rep¬ 
resented  by  combinations  of  elec¬ 
trical  pulses,  and  the  pulse  system  is 
used  for  the  transmission  of  orders 
as  well.  Pulse  repetition  rate  is  100 
kc,  with  rise  times  of  approximately 
0.2  and  0.5  fi  sec  for  pulse  durations 
of  2  and  greater  than  10  /t  sec  re¬ 
spectively.  Pulse  amplitudes  range 
from*  16  to  50  volts  in  most  cases. 
The  numbers  of  vacuum  tubes  used 
and  their  general  functions  are 
shown  in  Table  I,  along  with  the 
numbers  of  failures  for  each  tsrpte. 


Desiga  Caater  Valaat 

Tube  life  and  probability  for 
failure  are  important  considera¬ 
tions  when  a  large  number  of  vac¬ 
uum  tubes  is  involved;  especially 
when,  because  of  ENIAC's  high 
speed,  so  much  possible  work  is  lost 
in  breakdown  time.  Design  center 
values  were  therefore  chosen  con¬ 
servatively. 

Heater  voltages  were  designed 
for  95  percent  of  rated  voltage  or 
6.0  volts  ±  0.1,  although  they  aver- 


Reduction  of  tube  failures  is  even 
more  important  in  industrial  elec¬ 
tronic  equipment  than  in  ENIAC 
because  trained  troubleshooters  are 
not  always  on  hand  in  factories. 
Therefore,  many  of  the  conclusions 
presented  here  on  selection  and 
operation  of  standard  tubes  in  the 
ENIAC  can  profitably  be  utilized  to 
improve  the  odds  ag<iinst  failure  of 
tubes  in  industrial  service 


Oparatiag  Praeticas 

The  vacuum-tube  heaters  were  in 
operation  approximately  80  percent 
of  the  time  from  November  1945  to 
November  1946,  amounting  to  7,000 
hours.  Heater  circuits  were  turned 
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in  ENIAC 
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aged  about  6.9  volts.  Grid  current 
was  limited  to  1  ma,  with  0.5  ma 
average  current.  Grids  were  swung 
negative  three  times  the  cutoff  volt¬ 
age,  but  not  exceeding  160  volts 
negative  to  the  cathode. 

Plate  voltage  was  set  at  50  per¬ 
cent  of  maximum  ccs  (continuous 
commercial  service)  rating,  plate 
current  at  25  percent  maximum  ccs 
rating,  screen  voltage  at  50  percent 
maximum  ccs  rating,  and  screen 
current  at  25  percent  maximum  ccs 
rating. 

Maximum  heater-to-cathode  po¬ 
tential  was  limited  to  ±  50  volts, 
with  one  side  of  all  heaters  tied  to 
a  d-c  potential.  Power  supply  volt¬ 
ages  were  bypassed  to  cut  signal 
hash  and  a-c  hum  to  2  percent 
(peak  to  peak)  of  the  d-c  magni¬ 
tude. 

Standard  commercial  receiving 
tubes  with  octal  bases  were  pur¬ 
chased  throughout  1943  to  1945 
from  a  number  of  manufacturers 
and  were  tested  individually  for 
acceptance  before  use  in  the 
ENIAC.  Allowance  was  made  for  a 
±  50  percent  cutoff  voltage  varia¬ 
tion  and  a  40  percent  variation 
in  r,  for  all  tubes  with  the  excep¬ 
tion  of  cutoff  in  6AC7.  This  latter 
was  held  to  a  0.6  volt  tolerance. 
Approximately  6  percent  of  all 
tubes  were  rejected  except  6AC7,  in 
which  case  about  40  percent  were 
rejected. 


Tabe  Failare  Records 

It  was  evident  that  keeping  a  rec¬ 
ord  of  tube  failures  would  allow 
anticipation  of  more  troublesome 
periods  in  operation.  Investigation 
of  causes  of  failures  gave  informa¬ 
tion  for  possible  circuit  changes  and 
tube  specifications  which  would  per¬ 
mit  further  reduction  of  break¬ 
downs,  increasing  the  reliability  of 
operation.  An  attempt  was  made  to 
open  each  tube  that  failed  in  a  way 
that  would  not  change  the  internal 
conditions  at  the  time  of  failure. 


Table  I — Siimmary  of  Tube  Failures  In  ENIAC 


Type 

Approx. 
Num¬ 
ber  of 
Tubes 

Per¬ 

cent 

of 

18,800 

Num¬ 
ber  of 
Tubes 
Re¬ 
moved 

Percent 
of  614 
Tubes 
Re¬ 
moved 

V 

General  Use 

6S.N7  Twin  Triode 

6,5.m 

35.0 

200 

31.0 

Trigger  and  pulse  counting 
circuits;  also  normally -«n 
amplifier 

6I..6  Beam  Power 

1,200 

22.0 

175 

27.  2 

Pulse  amplifier;  Iran-smis- 
sion  normally  off,  pulsed  on 

6SA7  Penlagrid 
Converter 

2,600 

14.1 

50 

7.8 

Coincidence  tube,  normally 
(»ff;  turned  on  by  pulsing 
both  grids;  called  gate 

6SJ7  Triple  Grid 
Amplifier 

1,500 

8.0 

20 

3.1 

Input  pulse  amplifier; 
normally  off 

6V6  Beam  Power 

1,300 

7.0 

25 

3.9 

Pulse-forming  circuits; 
normally  on,  pulsed  off 

6L7  Penlagrid  Mixer  1,200 

6.5 

35 

5.  1 

Use  similar  to  6SA7 

6AG7  Television 
IVntode 

500 

2.5 

no 

17.1 

Normally  on;  input  ampli¬ 
fier  with  critical  cutoff 

807  (Enlarged  6\Ji) 

350 

1.8 

20 

3.1 

• 

Power  amplifier,  high  volt¬ 
age  swings;  normally  off 

hj.»  Detector  Trio<le 

300 

1.6 

o 

0  3 

Amplifier;  normally  on 

6Y6  Beam  Power 

300 

1.6 

7 

l.l 

.Amplifier;  normally  on 

j 

18,800 

100.0 

641 

100.0 

FIG.  1 — Rot*  oi  failure  of  all  tubes  in  one 
7eor  of  ENIAC  operation 


FIG.  2 — Comparison  oi  failures  of  straight 
and  twisted  heaters 


Figure  1  provides  a  graphic  rec¬ 
ord  of  tube  failure  per  month  for 
the  644  tubes  removed  from  the 
ENIAC.  The  downward  trend  from 
November  1945  to  March  1946  is 
probably  marking  the  decreasing 
number  of  tubes  at  the  borderline 
of  acceptability  when  placed  in  op¬ 
eration  in  the  ENIAC.  This  down¬ 
ward  trend  in  rate  of  failure  for  the 
first  1,000  hours  or  so  is  normal  ex¬ 
perience  when  using  large  numbers 
of  tubes.  The  peak  in  August  1946 
is  due  largely  to  a  complete  over¬ 
haul  given  the  machine  in  prepara¬ 
tion  for  a  problem  which  used  its 
facilities  to  the  utmost. 


The  five  major  causes  of  these 
644  tube  failures  were:  (1)  open 
heater  wire;  (2)  damaged  oxide 
cathode  coating;  (3)  internal  leads 
and  supports  dangerously  close ;  (4) 
open  electrode  spotwelds;  (5) 
burned-open  shorts.  Open  or  dam¬ 
aged  heaters  accounted  for  270 
failures  and  damaged  cathodes 
caused  150  failures,  while  the  re¬ 
maining  three  types  of  faults  ac¬ 
counted  for  between  50  and  100  fail¬ 
ures  each. 

Op«a  Heater  Wire 

The  6SA7  tubes  (14  percent  of  all 
tubes  used  in  ENIAC)  were  con- 
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structed  with  the  twisted  type 
heater,  and  had  no  open-heater 
faults.  The  6L6  tubes  (22  percent) 
were  constructed  with  straight  or 
looped  heaters  and  gave  16  percent 
of  all  open-heater  failures.  The 
6SN7  tubes  (36  percent)  were  con¬ 
structed  with  both  types  of  heaters, 
and  contributed  76  percent  of  all 
open-heater  failures,  of  which  16 
percent  were  in  twisted  heaters 
and  the  remainder  in  straight  heat¬ 
ers.  The  remaining  10  perceqt  of 
open-heater  failures  came  from 
tubes  having  straight  heaters. 

The  fact  that  67  percent  of  all 
tubes  in  the  ENIAC  produced  90 
percent  of  the  heater  failures  indi¬ 
cated  possibilities  of  faults  peculiar 
to  these  two  types  (6L6  and  6SN7). 
It  was  found  that  the  straight 
folded-t3rpe  heaters  in  these  types, 
combined  with  certain  manufactur¬ 
ing  features,  were  mainly  respon¬ 
sible  for  the  failures. 

In  most  of  the  open-heater  faults 
of  the  twisted  type,  the  heater  wire 
had  pulled  away  from  the  support 
wire.  Such  faults  in  both  straight 
and  twisted  heaters  seem  to  occur 
only  when  the  spot  weld  between 
the  heater  and  support  wire  has 
not  imbedded  the  tungsten  heater 
wire  sufficiently  in  the  softer  metal 
(Ni  alloy)  support. 

Examination  of  straight  heaters 
showed  approximately  90  percent 
of  all  faulty  tubes  with  straight 
heaters  either  had  the  insulating 
coating  chipped  off  their  bends,  bar¬ 
ing  the  tungsten  wire  with  addi¬ 
tional  circumferential  cracks  over 
its  length,  or  appeared  to  have  had 
their  insulating  coatings  shifted 
away  from  the  bend  while  in  a  semi¬ 
liquid  state.  The  latter  were  prob¬ 
ably  coated  by  dipping,  and  tilted 
before  they  were  dry.  The  first  con¬ 
dition  was  the  more  prevalent.  It  is 
common  practice  in  manufacturing 
to  coat  the  tungsten  wire  by  proc¬ 
essing  it  while  being  wound  from 
one  spool  onto  another.  The  coated, 
spooled  wire  is  then  bent  into  the 
straight  heater  folds.  In  so  bend¬ 
ing,  the  coating  cracks,  baring  some 
bends.  A  more  elastic  insulating 
coating  is  being  sought  by  tube 
manufacturers. 

Few  twisted  heaters  showed 
chipped  insulating  coating  and  ex¬ 
posed  bends.  The  6L6  straight  heat¬ 
ers  gave  most  of  their  trouble  in 


cathode-to-heater  leaxs.  Figure  2 
shows,  for  all  tubes  inspected,  the 
rate  of  failures  per  month  traceable 
to  chipped  or  otherwise  bared 
heater  faults.  Separate  curves  for 
twisted  and  straight-type  heaters 
are  included  for  comparison. 

In  an  attempt  to  correlate  a-c 
shutdowns  with  tube  failures,  a 
rack  of  100  6L6  and  100  6SN7  tubes 
was  tested  by  applying  full  heater 
voltage  long  enough  for  tubes  to 
heat,  and  turning  tubes  off  till  cool, 
with  this  cycle  being  repeated  con¬ 
tinually.  In  the  same  rack  another 
100  6L6  and  100  6SN7  tubes  were 
similarly  cycled,  but  with  heater 
voltage  applied  in  steps  to  approxi¬ 
mate  a  constant  linear  expansion  in 
the  heaters.  This  test  showed  little 
difference  in  tube  failures  between 
samples  over  a  period  of  eight 
months. 

One  other  fault  noticed  with  heat¬ 
ers  had  to  do  with  their  mountings. 
Figure  3  shows  the  various  types  of 
heater  mountings  encountered  in 
this-  investigation.  In  the  case  of 
single-heater  tubes,  the  support 
wires  are  cut  to  the  same  length 
and  bent  into  position.  The  heater 
wires  should  be  run  parallel  far 


FIG.  3 — TypM  of  hooter  mounting!  en¬ 
countered  in  ENIAC  tubes 


FIG.  4 — Failures  traceable  to  blistered 
oxide  cathode  coatings,  causing  low 
emission 


enough  apart  so  that  the  supports 
do  not  touch,  and  close  enough  to 
slip  easily  into,  the  cathode  sleeve. 
Heaters  were  observed  with  the  in¬ 
sulating  coating  worn  away  by  rub¬ 
bing  of  the  cathode  sleeve  edge  dur¬ 
ing  vibration,  expansion,  and  con¬ 
traction.  For  this  consideration 
the  construction  of  Fig.  3A  proves 
better  than  that  of  Fig.  3B. 

If  *one  support  were  cut  shorter 
before  bending,  as  in  Fig.  3C,  the 
supports  could  be  closer  without 
shorting,  providing  the  heater  wire 
is  insulated  down  beyond  the  upper 
support.  The  heater  would  not  then 
be  spread,  and  chances  of  rubbing 
its  insulating  coating  against  the 
edge  of  the  cathode  sleeve  would  be 
minimized. 

Of  the  two  6SN7  double  mount¬ 
ings,  that  of  Fig.  3E  seemed  to  be 
the  neater  and  less  troublesome  in 
this  investigation.  The  upright 
posts  in  Fig.  3D  provided  more  ob¬ 
struction  to  the  pliable  cathode 
bands,  causing  the  bands  to  short 
and  burn  open;  actually,  however, 
this  mounting  allows  closer,  more 
parallel  heater  wires  to  enter  the 
cathode  sleeve. 

Damaged  Cathode  Coating 

With  little  exception,  the  main 
damage  to  cathode  coatings  was 
blistering — an  uneven,  bubble-like 
puff  of  oxide  coating  which  when 
broken  away  exposes  the  bare  cath¬ 
ode  sleeve.  Other  damages,  noted 
rarely,  were  burns  or  holes  adja¬ 
cent  to  shorted  electrodes. 

Rates  of  failures  per  month  due 
to  damaged  oxide  coatings  are 
shown  in  Fig.  4  for  all  tubes  and 
for  6SN7  tubes  individually.  The 
same  tendency  was  noted  for  each 
other  tube  type.  The  curves  turn 
upward  in  the  vicinity  of  March, 
when  the  ENIAC  was  being  used  to 
capacity.  The  percentage  increase 
in  failures  is  many  times  greater 
than  the  approximate  percentage  of 
additional  tubes  used  in  March, 
which  would  indicate  that  blister¬ 
ing  involves  an  aging  effect. 

As  would  be  expected,  most  of  the 
tubes  with  blistered  cathodes  were 
removed  beca' se  of  low  emission. 
The  most  acceptable  answer  to  blis¬ 
tering  seems  to  be  that  of  gas  for¬ 
mation  between  sleeve  and  coating. 
This  effect  would  increase  with  age 
if  the  following  is  assumed.  Many 
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cathode  sleeves,  such  as 
h  6SN7,  are  made  with  seams  down 
their  length.  During  processing, 
these  sleeves  are  exposed  to  oil  (or 
^  some  other  liquid)  baths.  If  not 
thoroughly  cleaned  before  the  oxide 
coating  is  applied,  the  liquid,  if 
thin  enough,  will  infiltrate  the  seam 
and  be  covered  with  the  oxide  coat¬ 
ing.  In  use,  the  heated  liquid  would 
diffuse  through  the  coating  along 
the  surface  of  the  cathode  sleeve 
and  liberate  gas,  causing  blisters. 

Iiiteraal  Leads  aad  Sapports 
Daagaroasly  Close 

Support  wires  are  considered  to 
be  those  wires  which  leave  the  tube 
base  pins  to  pass  through  the  glass 
stem  and  press  into  the  evacuated 
envelope.  In  some  cases  these  sup- 
j  port  wires  are  bent  and  spot-welded 
(  directly  onto  the  electrode  struc- 
:  ture.  In  other  cases  a  thin,  pliable 
•  copper  or  nickel  band,  here  called 
[  a  lead,  is  used  to  connect  the  sup¬ 
port  to  the  electrode  structure. 
t  The  compromise  necessary  be- 
?  tween  the  spread  of  the  heater 
wires  entering  the  cathode  sleeve 
"  and  the  closeness  of  their  supports 
'  can  be  responsible  for  shorted  heat¬ 
ers. 

The  most  dangerous  of  all  near¬ 
shorts  seemed  to  be  those  involving 
the  pliable  lead  bands  connecting 
support  wire  to  electrode  post  or  an¬ 
other  support  wire.  These  bands  are 
usually  used  long  enough  to  provide 
necessary  slack  for  running  them 
around  other  supports.  In  some 
cases  the  cathode  bands  are  curved 
to  avoid  the  control  grid  supports, 
only  to  be  curved  too  close  to  each 
other.  If  the  cathodes  are  at  an  ap¬ 
preciable  voltage  difference  with  re¬ 
spect  to  each  other,  their  bands  may 
touch  from  expansion  or  the  elec¬ 
trostatic  pull  between  them.  In 
pentagrid  tubes,  with  numerous 
electrode  posts,  the  cathode  band  is 
very  often  quite  close  to  a  support 
wire. 

Approximately  100  of  the  tubes 
removed  from  the  ENIAC  had  near 
shorts.  Percentages  of  these  fail¬ 
ures  for  each  type  of  tube  indicate 
that  near  shorts  are  of  general  oc¬ 
currence  in  all  types. 

Failures  discussed  here  are  those 
in  which  tubes  investigated  showed 
an  internally  open  connection  be¬ 
tween  support  wires  and  electrode 


FIG.  S — Arrow  points  to  control  grid  sup¬ 
port  of  6L6  pullod  away  from  its  post  and 
providing  noar-short  to  adiacent  hooter 


FIG.  6 — Burned-open  shorts  In  6SN7  at 
heater  (A),  cathode  band  (B),  control  grid 
support  (C).  and  hooter  band  (D) 


posts.  No  cases  were  found  in 
which  a  lead  band  had  pulled  away 
from  another  wire. 

Open  Electrode  Spotwelds 

With  open  spotwelds  (other  than 
open  heater-to-support  spotwelds, 
already  covered)  it  was  not  possible 
to  identify  definite  characteristics 
of  the  opened  spotwelds  that  might 
indicate  faulty  welds,  though  dis¬ 
coloration  from  the  heat  of  the 
weld  was  seen. 

Records  of  the  rate  of  these  ap¬ 
proximately  50  failures  with  time 
show  no  significant  tendencies,  and 
the  distribution  among  the  various 
tube  types  is  in  rough  proportion 
to  the  relative  number  of  the  tubes 
of  each  type  employed  in  the 
ENIAC. 

A  few  cases  were  found  in  which 
the  screen  support  had  pulled  away 
from  the  screen  grid  post,  and  con¬ 
sequently  touched  or  nearly  touched 
the  plate  support.  In  most  cases  the 
size  of  the  bend  in  the  screen  sup¬ 
port  decided  whether  it  shorted  or 
not. 

Figure  5  shows  a  control  grid 


support,  having  pulled  away  from 
the  control  grid  post,  in  a  position 
near  shorting  the  adjacent  heater 
wire.  A  little  drop  of  metal  fastened 
to  the  underside  of  the  support  pre¬ 
sumably  was  part  of  the  joint  and 
under  intense  heat  melted,  allowing 
the  support  to  snap  away  from  the 
grid  post 

Baraad-Op«N  Sborh 

Initial  reasons  for  these  shorts 
were  usually  burned  away,  hence  a 
separate-  classification  was  made 
even  though  causes  may  have  been 
one  or  more  of  the  faults  previously 
taken  up.  Tabulation  gave  a  ran¬ 
dom  distribution  of  failures  with 
time,  in  rough  proportion  to  the 
numbers  of  tubes  of  each  type  in 
the  ENIAC. 

An  interesting  example  of  what 
a  short  can  do  is  shown  in  Fig.  6. 
The  left-hand  side  of  the  structure 
is  completely  burned  open ;  the 
heater  (A),  the  cathode  band  (B), 
and  the  control  grid  support  (C) 
are  burned  open,  leaving  only  the 
plate  support  intact.  Molten  drop¬ 
lets  can  be  seen  on  the  remaining 
wires,  forced  upward  by  the  pres¬ 
sure  of  the  burning.  This  burn  con¬ 
tinued  down  into  the  glass  press, 
melting  the  surface  around  the 
supports. 

This  short  might  have  been 
caused  by  an  overhanging  end  of 
the  heater  band  (D)  touching  the 
control  grid  support  during  vibra¬ 
tion  or  expansion.  The  difference 
of  potential  across  this  band  seg¬ 
ment  could  have  been  as  much  as 
150  volts. 

Most  burned-open  wires  encoun¬ 
tered  were  of  the  lead  band  type 
which  had  probably  expanded  and 
touched  another  support  or  band. 
The  kind  of  burned-open  short  pic¬ 
tured  in  Fig.  6  was  the  second  most 
frequently  occuring. 

The  author  wishes  to  acknowl¬ 
edge  the  helpful  criticism  given  by 
Thomas  Kite  Sharpless  of  the 
Moore  School  of  Electrical  Engi¬ 
neering  Research  Division,  Uni¬ 
versity  of  Pennsylvania,  who  is 
chief  engineer  of  the  EDVAC  proj¬ 
ect  (Electronic  Discrete  Variable 
Computer — a  faster,  more  compact, 
and  more  versatile  successor  to  the 
ENIAC).  Appreciation  is  also  ex¬ 
pressed  for  the  untiring  efforts  of 
Viola  Andreoni,  project  worker. 
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The  time  difiference  between  the  initiation  of  two  or  more  positive  pulses  can  be  deter¬ 
mined  to  within  0.05  microsecond  by  photographing  their  display  on  a  single  spiral  trace 
revolving  once  every  2  microseconds  and  having  a  total  length  from  25  to  100  microseconds 


California  Institute  of  Technology 
Pasadena,  Calif. 


The  fields  of  electronics  and 
nuclear  physics  both  require 
extremely  accurate  measurement  of 
time  intervals  between  pulses  that 
are  in  themselves  only  a  matter  of 
microseconds  in  length.  The  timing 
equipment  to  be  described  has  been 
designed  particularly  for  cyclic  or 
aperiodic  phenomena  requiring  a 
photographic  record  that  can  be 
scaled  and  interpreted  at  leisure. 

A  spiral  sweep  was  chosen  for 
the  display  of  the  intelligence  be¬ 
cause  of  the  great  effective  length 
that  can  be  recorded  at  one  exposure 


and  for  the  ease  with  which  the  rec¬ 
ord  can  be  measured  without  the  in¬ 
troduction  of  separate  time  mark¬ 
ers.  This  latter  advantage  results 
from  the  fact  that  the  angular  ve¬ 
locity  of  the  spot  is  constant  and  can 
be  accurately  standardized  by  suit¬ 
able  control  of  the  sweep  oscillator 
frequency.  In  practice,  an  enlarged 
photograph  (shown)  is  made  of  the 
cathode-ray  tube  face  and  the  time 
difference  between  successive  pulses 
is’  read  by  simply  counting  off  the 
number  of  complete  revolutions  and 
adding  the  time  represented  by  the 


residual  angle.  A  transparent  pro¬ 
tractor  calibrated  directly  in  hun¬ 
dredths  •of  a  microsecond  is  placed 
on  the  photograph  for  this  purpose. 

A  DuMont  type  5RP11  multiband 
cathode-ray  tube  is  employed  be¬ 
cause  it  has  the  highest  writing 
speed  suitable  for  photography. 
Writing  speeds  as  high  as  100 
inches  a  microsecond  have  been  ob¬ 
tained,  although  the  equipment  de¬ 
scribed  was  constructed  for  phe¬ 
nomena  whose  total  life  encom¬ 
passes  25  to  100  microseconds. 
With  the  sweep  driven  by  a  600 
kilocycle  crystal  oscillator,  an  ac¬ 
curacy  of  better  than  0.05  micro¬ 
second  has  been  obtained,  provided 
that  the  pulses  themselves  have  a 
comparable  rise  time. 

Heck  Diograa 

Operation  of  the  spiral  sweep  os¬ 
cilloscope  is  best  understood  by  di¬ 
viding  the  circuit  functions  into 
the  units  indicated  on  the  block  dia¬ 
gram,  Fig.  1.  The  trip  selector  de¬ 
termines  the  method  by  which  the 
oscilloscope  is  to  be  triggered.  The 
trip  pulse  generator  supplies  a  suit¬ 
able  negative  pulse  with  a  very  steep 
front  to  operate  the  single-shot  gate 
multivibrator  that  supplies  a  square 
positive  pulse  to  the  grid  of  the 
cathode-ray  tube.  This  impulse 
turns  on  the  beam  that  is  normally 
cut  off.  At  the  same  time,  the  gate 
multivibrator  supplies  the  sweep 
generator  with  a  negative  square- 
wave  pulse  of  the  same  length.  The 
sweep  generator  supplies  a  single 
linear  trapezoidal  pulse  of  the  same 
length  as  the  gate  pulse,  and  of  va¬ 
riable  amplitude. 

The  crystal  controlled  timing  os¬ 
cillator  runs  continuously  at  500 
kilocycles,  and  supplies  the  modula- 


RepreMntotiTe  photogroph  of  tho  ctrthode  ray  tub*  diiploy.  Tho  apacing  botwoon  tho 
pulMB  roproMots  a  timo  Intorral  of  38.55  microsoconda 
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Front,  side  and  roar  tIowb  oi  the  equipment  showing  the  Tie  wing  hood  and  camera  aboee  the  top  oi  the  enclosing  cabinet 


•  A  schematic  circuit  diagram  of 
the  tripping,  gate  and  sweep  gen¬ 
erators  is  shown  in  Fig,  2.  A  sharp 
negative  trip  pulse  is  generated  by 
discharging  C,  through  R,  and  the 
thyratron  V,.  The  trip  selector  S^ 


ting  amplifier  with  an  accurately  excited  in  the  field  circuits.  The 
timed  signal  of  constant  amplitude,  negative  pulse  input  jack  is  pro- 
This  amplifier  modulates  the  500-kc  vided  for  direct  control  of  the  cath- 
sine  wave  with  the  negative  saw-  ode-ray  tube  grid  in  order  that 
tooth  wave  from  the  sweep  genera-  times  may  be  indicated  by  produc- 
tor  in  such  a  way  as  to  produce  a  ing  blank  spaces  in  the  record. 
500-kc  sine  wave  that  decreases 
linearly  in  amplitude  with  time  dur¬ 
ing  the  recording  interval.  The 
modulated  signal  is  fed  into  a  phase 
shifting  network  that  splits  it  into 
two  balanced  outputs  90  degrees  out 
of  phase.  These  two  outputs  are 
then  fed  into  the  radial  pulse  in¬ 
jection  amplifier  which  superim¬ 
poses  the  signal  pulses  to  be  meas¬ 
ured  on  the  500-kc  sweep  voltages 
in  such  a  way  that  the  pulse  will 
record  radially  and  have  a  fixed 
amplitude  at  any  time  it  appears  in 
the  sweep  cycle.  The  output  of  the 
pulse  injection  amplifier  is  fed  di¬ 
rectly  to  the  deflection  plates  of  the 
oscilloscope  tube.  A  damping  cir¬ 
cuit  tends  to  pass  only  positive 
pulses  and  therefore  damps  oscilla¬ 
tory  wave  trains  that  may  be  shock 


NEC  TRIP 
PULSE 


POS  TRIP 
PULSE 


TRIP 

SELECTOR 


TRIP 

GENERATOR 


PULSE 


•ANUAL  PULSE 
PUSHBUTTON 


SWEEP 

GENERATOR 


NEG  GATE 
PULSE 


SWEEP 

PULSE 


500  KC 

crystal 

OSCILLATOR 


I  MODULATING 

amplifier 


MODULATED 
500  KC 


PHASE 

SHIFTING 

NETWORK 


cathode-ray 

OSCILLOSCOPE 


GRIDI 


RADIAL 

PULSE 


RADIAL  PULSE 
INJECTION 

amplifier 


NEG  PULSE 
INPUT 


DAMPING 

CIRCUIT 


FIG.  1 — Block  diagram  showing  interconnection  oi  the  principal  circuit  elements  in 

the  spiral  sweep  timer 
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furnished  the  modulating  amplifier 
by  V,B  and  its  amplitude  is  con¬ 
trolled  by  the  spiral  rate  control  R^. 
The  initial  bias  of  this  negative 
pulse  lead  is  controlled  by  the  circle 
size  control  i?«. 

Output  from  a  conventional 
Pierce  oscillator  (Fig.  3)  operating 
at  500  kc  and  stable  to  one  part  in 
10,000,  is  fed  through  a  cathode 
follower  V,B  to  the  screen  of  F,o,  the 
grid  of  which  is  connected  to  the 
sawtooth  sweep  circuit.  The  re¬ 
sulting  modulated  wave,  of  a  form 
indicated  in  Fig.  1,  is  fed  through 
a  low  impedance  line  to  the  injec¬ 
tion  amplifier  unit. 

Radial  Pulse  Injection  Amplifier 

The  sweep-modulated  500-kc  sig¬ 
nal  passes  into  a  permeability  tuned 
'  phase  shifting  network  (Fig.  4) 
which  is  balanced  to  ground.  Be¬ 
cause  L,  Ct  and  L,  C»  are  tuned  to 
500  kc  they  are  resistive  at  the 
fundamental  frequency.  Since  L, 
is  tuned  to  500  kc  by  C,  and  C,#,  the 
current  in  the  resistive  mesh  will 
be  90  degrees  out  of  phase  with  the 
voltage  developed  across  L,,  which 
is  applied  to  the  grids  of  Vu  and 
Fij  through  the  eccentricity  control 
Ri.  The  purpose  of  the  grid  net¬ 


works  L,  Ct  Rio  and  Li  C,  Rn  is  to 
give  equal  frequency  discrimination 
to  any  harmonics  that  may  be  pre¬ 
sent  in  both  branches  of  the  phase 
shifting  network  and  thus  reduce 
the  amount  of  distortion  of  the 
circle  pattern. 

The  push-pull  vertical  deflection 
amplifier  (Fi,  and  Fu)  is  in  phase 
with  the  500-kc  tuned  circuit  vol¬ 
tage,  whereas  the  horizontal  ampli¬ 
fier  (F,a  and  Fi«)  is  90  degrees  out 
of  phase.  Therefore  when  their 
equal  outputs  are  applied  to  the  de¬ 
flection  plates  of  the  oscilloscope 
tube,  a  circular  deflection  pattern  is 
produced.  Since  the  500-kc  input  is 
modulated  by  a  single  sawtooth, 
during  the  recording  interval  this 
circular  pattern  will  degenerate  into 
a  linear  spiral  during  the  interval 
that  the  beam  is  turned  on. 

The  screens  of  all  the  deflection 
tubes  are  fed  from  a  common  cath¬ 
ode  follower  Fjb.  Thus,  when  a  posi¬ 
tive  pulse  is  fed  in  on  the  screen 
bus  through  the  input  jack,  the  plate 
current  is  increased  instantaneously 
in  all  of  the  amplifier  tubes  and  the 
beam  is  deflected  radially.  This 
same  cathode  follower  serves  to 
damp  oscillatory  wave  trains  orig¬ 
inating  in  the  input  circuit  and  to 


sharpen  the  breaks  in  the  recorded 
pulse  signals. 

All  operating  controls  and  ex¬ 
ternal  connecting  points  appear  on 
the  front  panel.  A  sweep  control 
gives  four  different  total  sweep 
times  of  30,  50,  75,  and  100  micro¬ 
seconds.  The  equipment  can  be 
tested  using  a  60-cycle  source  that 
will  repeatedly  trip  the  sweep.  The 
manual  tripping  control  is  used  as 
a  final  check  just  before  a  photo¬ 
graphic  recording.  The  external 
position  can  be  used  with  an  oscil¬ 
lator  or  pulse  generator,  whereas 
aperiodic  impulses  are  connected 
through  the  single-trip  channel  to 
avoid  double  exposure  resulting 
from  spurious  signals  following  the 
desired  pulse. 
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allows  the  thyratron,  normally  cut  which  is  chosen  by  St.  Cathode 
off,  to  be  tripped  from  the  60-cycle  follower  V*  effectively  isolates  the 
line,  by  the  manual  trip  button,  generator  from  the  cathode-ray 
from  any  positive  trip  pulse  train  fed 
in  through  the  external  trip  jack, 
or  by  a  single  external  positive  trip 
pulse.  In  any  of  the  first  three  posi¬ 
tions  of  the  trip  selector  the  thyra¬ 
tron  Vt  goes  out  after  Ci  has  dis¬ 
charged  because  charging  resistor 
R,  is  so  large  that  the  current  is  too 
small  to  sustain  ionization.  In  the 
single  trip  position  of  St,  Ci  is 
charged  through  a  relay  and  a  com¬ 
paratively  low  resistance.  The  total 
plate  load  resistance  of  the  thyra¬ 
tron  is  now  low  enough  so  that  an 
arc  is  sustained.  Capacitor  Ct  can 
not  recharge  until  Si  has  been  oper¬ 
ated  to  break  the  plate  circuit  and 
reset  the  circuit.  The  tripped  or 
ready  condition  of  Vi  for  single 
pulses  is  indicated  by  the  red  or 
green  pilot  light.  This  circuit 
serves  as  a  lockout  to  prevent  more 
than  one  sweep  from  occurring 
when  the  equipment  is  tripped  from 
the  field  circuit  which  may  gener¬ 
ate  some  extraneous  pulse  after  the 
desired  signals  have  been  generated. 

Pentodes  V,  (normally  conduc¬ 
ting)  and  V,  (nonconducting)  are 
connected  in  the  circuit  of  a  square- 
wave  generator  to  transform  the 
negative  trip  pulse  into  a  gate 
pulse  of  length  determined  by  ca¬ 
pacitor  Ci  and  the  timing  resistor 
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Chauit  suspeniion  lyatem  has  long  period  to  prevent  microphonics  in  this  carrier-type  d-c  amplifier  operating  at  12  or  24  cps 


Bandwidths  of  only  a  few  cycles,  input  impedances  not  over  20  ohms,  and  averaging  recti¬ 
fiers  are  used  to  minimize  noise  when  amplifying  signals  helow  a  microvolt.  Speed  of 
amplifier  response  is  analvzed.  Construction  of  two  laboratory  amplifiers  is  described 


quencies  in  the  vicinity  of  60  cycles 
are  to  be  avoided  because  of  the 
universal  presence  of  hum  fields 
from  power  circuits. 

One  of  the  most  important  design 
aspects  affecting  the  level  of  cir¬ 
cuit  noise  is  the  rectifier  used  at  the 
amplifier  output  to  convert  the  a-c 
into  d-c  for  actuating  an  indicator 
or  recorder.  Peak-type  diode  volt¬ 
meters  accentuate  the  noise  com¬ 
ponent  more  than  averaging  recti¬ 
fiers,  so  the  averaging  type  is  pre¬ 
ferred.  Perhaps  the  best  rectifier 
from  the  standpoint  of  minimizing 
noise  is  the  mechanical  rectifier;  it 
is  a  motor-driven  switch  operated 
from  the  same  shaft  that  drives  the 
mechanical  shutter.  The  switch 
thus  reverses  the  polarity  of  the 
amplifier  output  in  synchronism 


with  the  a-c  signal  generated  by  the 
shutter  so  that  the  output  is  recti¬ 
fied  on  a  purely  average  basis,  inde¬ 
pendently  of  the  absolute  value  of 
the  signal.  The  mechanical  recti¬ 
fier  is  strictly  linear,  and  when  used 
with  a  filter,  provides  selectivity  de¬ 
pendent  only  on  the  characteristic 
of  the  filter. 

lapat  Circuits 

Balanced  input  circuits  and  a 
suitable  input  transformer  are  es¬ 
sential  if  maximum  sensitivity  is 
to  be  realized  when  the  amplifier  is 
connected  to  thermal  receivers  or 
other  devices  of  low  impedance. 
The  stepup  of  this  transformer 
should  be  high,  so  that  the  irreduc¬ 
ible  thermal  noise  across  its  input 
terminals  is  made  large  enough  to 


override  by  a  substantial  margin 
the  noise  generated  in  the  first 
vacuum  tube.  For  operating  fre¬ 
quencies  of  10  cycles  or  above,  this 
condition  is  easily  fulfilled,  and  it 
is  then  unnecessary  to  take  extreme 
precautions  to  reduce  tube  noise  to 
the  lowest  possible  level. 

The  transformer  used  is  the 
Thermador  Type  TG-3,  originally 
intended  for  geophysical  use.  It 
has  a  six-element  shield  and  a  rated 
secondary  inductance  of  2,400  hen¬ 
ries  ±10  percent,  at  low  voltages. 
The  stepup  obtainable  from  a  bal¬ 
anced  10-10  ohm  input  circuit  is 
150  at  60  cycles,  107  at  12  cycles, 
and  84  at  7  cycles,  the  secondary 
being  tuned  for  maximum  output 
in  each  case.  However,  unless  the 
secondary  Q  is  greater  than  two. 
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Compact  low-iroquoncy  ampliiier  uses  a  bottery  for  tho  plate  supply  of  low-leyel 
stages  to  dispense  with  bulky  decoupling  filters 

D-C  AMPLIFIER 


for  Low-Level  Signals 


Amplifiers  for  extremely  low  in- 
,put  levels  are  often  required 
in  the  measurement  of  physical 
quantities  in  both  research  and  ma¬ 
terials  testing  laboratories.  One 
important  held  of  instrumentation 
where  such  amplifiers  are  required 
is  the  measurement  of  various 
forms  of  radiation. 

Desiga  CoHsideratioRS 

The  conventional  method  of  using 
an  a-c  amplifier  instead  of  a  d-c 
type  is  to  modulate  a  local  high- 
frequency  carrier  with  the  input 
signal,  amplify  the  modulated  a-c, 
and  finally  obtain  the  signal  by  de¬ 
tection.  Recently  the  thermal  time 
constants  of  bolometers  and  ther¬ 
mocouples  have  been  substantially 
reduced,  so  it  is  possible  to  inter¬ 


rupt  the  radiation  falling  on  them, 
by  means  of  a  mechanical  shutter 
for  example,  and  thus  directly  ob¬ 
tain  an  a-c  output  that  is  propor¬ 
tional  to  the  incident  radiation. 

To  measure  minute  amounts  of 
radiation,  such  as  those  involved  in 
astronomical  investigations,  it  is 
necessary  to  deal  with  signals  of 
the  order  of  millimicrovolts.  To 
distinguish  such  signals  in  the  pres¬ 
ence  of  noise,  it  is  necessary  to  em¬ 
ploy  an  exceedingly  narrow  band¬ 
width  in  the  amplifier.  The  fre¬ 
quencies  of  operation  of  the  newer 
bolometers  and  thermocouples 
range  from  5  to  as  high  as  150  cy¬ 
cles.  During  the  course  of  work  on 
a  National  Defense  Research  Com¬ 
mittee  contract,  amplifiers  for  use 
with  these  bolometers  and  for  gen¬ 


eral  testing  at  low  frequencies  were 
developed ;  the  amplifiers  operate 
at  frequencies  below  50  cps  with 
bandwidths  less  than  5  cps  wide.  Al¬ 
though  these  units  are  of  special¬ 
ized  nature,  they  do  have  many 
uses  in  instrumentation  beyond  the 
purposes  for  which  they  were  orig¬ 
inally  designed. 

•  In  electrical  design,  it  is  de¬ 
sirable  to  operate  at  as  low  a  fre¬ 
quency  as  possible,  because  the 
minimum  achievable  bandwidth  be¬ 
comes  narrower  as  the  operating 
frequency  is  lowered,  thus  reducing 
the  noise  against  which  the  signal 
must  compete.  But  too  low  a  fre¬ 
quency  presents  apparatus  prob¬ 
lems,  particularly  in  the  design  of 
the  input  transformer  and  in  the 
size  of  the  by-pass  capacitors.  Fre- 
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synchronous  rectifier,  the  phase  of 
the  impressed  voltage  must  be  cor¬ 
rect.  For  this  reason  the  amplifier 
should  be  provided  with  a  continu¬ 
ously  variable  phase  adjusting  net¬ 
work  so  that  the  correct  relation¬ 
ship  between  signal  and  rectifier 
phase  can  be  easily  reached,  and  so 
that  effects  of  small  drifts  in  the 
tuning  of  the  amplifier,  or  slight 
changes  in  the  operating  frequency, 
can  be  compensated. 

If  full  advantage  is  to  be  taken 
of  the  useful  characteristics  of  the 
rectifier-filter  system,  it  is  essential 
that  there  be  no  interference,  either 
microphonic  or  electrical,  from  the 
rectifier  itself.  Such  interference, 
being  synchronous,  is  very  detri¬ 
mental  and  great  care  must  be 
taken  to  avoid  it. 

I 

Speed  of  Response 

There  is  no  simple  relation  be¬ 
tween  the  effective  overall  time  con¬ 
stant  of  the  amplifier  and  the  band¬ 
width  at  some  specified  amplitude, 
such  as  3  decibels  down,  or  6  deci¬ 
bels  down.  However,  certain  sim¬ 
ple  formulas  make  it  possible  to  de¬ 
cide  on  the  approximate  value  of 
bandwidth  to  be  employed  when  a 
given  response  speed  is  required. 

When  a  sinusoidal  electromotive 
force  is  suddenly  impressed  upon  a 
series-tuned  circuit,  the  resulting 
current  consists  of  a  steady-state 
term  plus  a  transient  term,  which 
gradually  dies  away.  The  transient 
is  of  the  form  of  a  damped  sine- 
wave,  and  the  time  constant  U  of 
the  circuit  is  the  time  required  for 
the  amplitude  of  the  transient  to 
decrease  to  37  percent  of  its  initial 
value.  Let  /,  and  A  be  frequencies 
at  which  the  resonant  curve  of  the 
tuned  circuit  falls  to  a  fraction  F 
of  its  maximum.  If  X  is  the  total 
reactance  around  the  circuit  at 

either  one  of  these  frequencies 

F  =  1/(1  +  «/*  (1) 

from  which  two  relations  follow 

(2t/,L/«,)  -  (l/2ir/,Cii,)  = 

(-  1  +  1/F»)>/*  (2) 

and 

(l/2T/,Cft,)  -  (2x/,L/«.)  = 

(_  1  -I-  i/F*)./*  (3) 

adding  these  two  expressions 

12t/,L  +  1/2t/,C1  - 

12x/,L  -I-  l/2x/,C]  = 

2«,  (-  1  +  1/F»)>/* 

furthermore  2'KfJj  is  very  nearly 


equal  to  l/2z/iC,  and  2x/iL  is 
equally  close  to  l/2i:fjC,  hence 

/i-  /i=  (fti/2xL)  (-  1  +  1/f^)  (4) 

in  addition,  the  rise  of  current  in 
the  circuit  is  determined  by  the 
time  constant  f,  which  is  2L/\R, ; 
this  term  can  be  used  to  eliminate 
L/Ri  from  Eq.  4  giving,  on  rear¬ 
rangement 

t,  =  (-  1  +  1/F*)>/Vx  (/,  -  /.)  (5) 

which  equation  relates*  time  con¬ 
stant  to  bandwidth.  For  half¬ 
amplitude  bandwidth  F=0.5  and 
Eq.  5  gives 

<,  -  0.552/(/,-/,) 

showing  that  a  frequency  response 
one  cycle  wide  at  half  amplitude 
gives  an  effective  time  constant  of 
slightly  over  half  a  second.  If 
bandwidth  is  considered  to  be  be¬ 
tween  the  3-db  points,  then  f’= 0.707 
1,  =  0.318/  (/,  -  /,) 

which  results  indicate  that,  for  a 
given  definition  of  bandwidth,  the 
time  constant  depends,  as  does  the 
noise,  on  the  absolute  bandwidth. 

Respoii**  of  SyRchroRous  Rectifier 

The  synchronous  rectifier  used 
with  this  amplifier  and  its  associ¬ 
ated  filter  also  has  an  effect  on  the 
response  time  of  the  system.  When 
the  voltage  impressed  on  the  me¬ 
chanical  rectifier  is  synchronous 
with  the  rectifier  switching,  as  will 
always  be  the  case  with  the  desired 
signal,  the  output  will  contain  a 
direct-current  term.  If  a  signal  is 
suddenly  impressed  on  the  rectifier, 
the  voltage  appearing  across  the 
output  of  the  filter  will  require 
some  time  to  reach  its  maximum 
value.  The  time  constant  f,  is  the 
interval  required  for  the  output  to 
reach  63  percent  of  its  final  value. 

If  the  filter  consists  of  two  iden¬ 
tical  resistance-capacitance  net¬ 
works,  the  ratio  of  the  instanta¬ 
neous  output  voltage  to  the  im¬ 
pressed  direct  voltage  is 

tt/Eo  =  1  -*->•«/«<?  X 
(1.342  sinh  (1.118l/ftC)  + 
co8h  (1.1181/«C)1  (6) 

from  which  it  can  be  found  that 
the  output  reaches  0.63  of  its  final 
value  when  t/RC=S.02,  hence  A  is 
3.03i?C  for  this  filter. 

To  relate  this  time  constant  to 
the  effective  selectivity,  let  fo  be 
the  synchronous  frequency,  and  A 
and  A  be  the  higher  and  lower  fre¬ 
quencies  of  the  incoming  signal  at 


FIG.  2 — Output  from  amplifier  of  Fig.  1 
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FIG.  1 — Parallel-T  filter  and  averaging  rectifier  minimize  noiee  in  thiz  amplifier  for  use  with  bolometerz 


tuning  the  secondary  provides  lit¬ 
tle  improvement. 

The  layout  of  the  amplifier  should 
take  account  of  the  obvious  precau¬ 
tions  required  in  any  high-gain  de¬ 
vice,  such  as  in-line  sequence  of 
stages,  adequate  separation  of 
high-level  and  low-level  regions, 
and  shielding  of  critical  elements. 
Moreover,  at  the  gains  involved 
here,  certain  additional  precautions 
are  necessary,  especially  in  the  first 
stage,  although  it  has  been  found 
that  elaborate  constructions  are 
not  always  necessary.  In  some 
cases,  protection  provided  by  the 
sextuple  shielding  on  the  trans¬ 
former,  the  metal  case  of  the  first 
tube,  and  a  standard  metal  chassis 
enclosing  the  transformer  tuning 
capacitor  and  the  wiring  has  proved 
satisfactory,  provided  the  device  is 
not  subjected  to  severe  electrical 
interference.  In  other  cases,  mod¬ 
erate  additions  to  this  shielding 
have  been  necessary. 

Tubes  recommended  for  the  first 
stage  are  the  6SJ7  and  the  1620. 
It  is  desirable  to  test  tubes  for  elec¬ 
trical  and  microphonic  noise,  and 
to  select  the  quietest  units,  because 
individual  tubes  differ  greatly. 

A  very  substantial  plate  decou¬ 
pling  filter  is  required  in  the  first 
stage;  the  second  stage  is  also  apt 
to  call  for  special  attention  in  this 
regard.  The  necessary  filtering  can 
be  realized  either  by  using  two  or 
three  sections  of  R-C  filter  (multi¬ 
ple  sections  require  less  total  R  and 
less  total  C  than  a  single  section  of 
the  same  effectiveness) ,  or  by  using 
gas  voltage-regulator  tubes,  which 
act  as  excellent  low-frequency  by¬ 
pass  elements. 


It  is  well  to  use  precision  wire- 
wound  resistors  in  all  parts  of  the 
first  stage,  except  the  sections  of 
decoupling  filter  which  precede  the 
last  section.  Oil-filled  by-pass  ca¬ 
pacitors  should  be  used,  and  very 
high  resistance  mica  coupling  ca¬ 
pacitors;  capacitors  having  even  a 
small  leak  can  cause  severe  noise. 
The  use  of  one-point  grounds,  as  is 
common  in  high-gain  radio-fre¬ 
quency  amplifiers,  is  especially  de¬ 
sirable. 

S«l«ctiv*  CircMits 

In  the  first  amplifiers  constructed 
in  our  laboratories,  inductance-ca¬ 
pacitance  selective  circuits  were 
used.  Besides  tuning  the  input- 
transformer  secondary,  the  grid 
circuit  of  the  third  stage,  which 
utilized  the  primary  of  a  Therma- 
dor  Type  TG-26  transformer,  was 
tuned.  This  type  of  tuning  is 
simple  and  results  in  a  fairly  high 
gain.  However,  the  inductance  of 
the  coil  changes  slightly  with  volt¬ 
age  level,  thereby  causing  detuning 
and  moderate  nonlinearity. 

In  the  later  amplifiers,  a  twin-T 
selective  feedback  circuit  has  been 
employed  for  tuning  purposes,  usu¬ 
ally  from  the  plate  of  the  third 
stage  to  the  cathode  of  the  second. 
Feedback  from  the  third  plate  to 
the  suppressor-grid  of  the  first 
stage  has  also  been  successfully 
used.  In  most  cases,  a  well  bal¬ 
anced  twin-T  network  gives  suffi¬ 
cient  selectivity.  However,  in  some 
cases  a  narrower  band  was  re¬ 
quired;  it  was  achieved  by  increas¬ 
ing  the  shunt  capacitance  in  the 
twin-T  circuit  above  the  normally 
used  value,  which  makes  the  feed¬ 


back  vojtage  regenerative  near 
what  would  normally  be  the  zero 
transmission  frequency  of  the 
twin-T. 

Signal  Rcetifiar 

Considerable  use  has  been  made, 
of  a  simple  peak-type  diode  recti¬ 
fier,  which  is  satisfactory  unless  it 
is  necessary  to  measure  signals  just 
above  circuit-noise  level.  Circuit 
noise  contains  peaks  that  are  sev¬ 
eral  times  the  average  noise  level. 
These  peaks  register  on  a  peak-type 
voltmeter,  and  keep  the  rectified 
noise  voltage  unnecessarily  high. 

This  difficulty  can  be  remedied  by 
arranging  the  diode  to  respond  to 
the  true  average  of  the  impressed 
alternating  voltage  by  using  a  cir¬ 
cuit  in  which  no  by-pass  capacitors 
are  used  across  the  resistors  in 
series  with  the  diode.  With  ampli¬ 
fication  adjusted  so  as  to  obtain  the 
same  sinewave  output  in  both  cases, 
the  average  noise  level  with  a  peak 
rectifier  was  74  percent  greater 
than  with  the  average-type  rectifier, 
and  in  addition,  the  latter  gave  a 
more  unifoi’m  noise  level,  relatively 
free  of  surges,  than  the  peak  type. 

As  has  been  mentioned,  synchro¬ 
nous  mechanical  rectifiers  have  also 
been  employed.  This  rectifier  has 
been  used  successfully  in  the  ampli¬ 
fication  of  direct  potentials  that  are 
interrupted,  fed  into  an  alternat¬ 
ing-current  amplifier,  and  then  syn¬ 
chronously  rectified.  The  rectifier 
and  the  filter  to  which  its  output  is 
delivered  give  an  effective  selec¬ 
tivity  to  the  amplifier  which  is  de¬ 
termined  entirely  by  the  character¬ 
istics  of  the  filter. 

In  order  to  get  full  output  from  a 
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PIG.  3 — Synchronous  roctifier.  consisting  oi  two  rotating  commutators,  ororagos  noise  in  ampliiier  output 


which  the  filter  output  is  reduced  to  It  is  to  be  noted  that  both  the  0.005  mici*ovolt,  the  total  deflection 
a  fraction  F  of  its  maximum  steady  bolometer  current  and  the  grid  bias  obtained  is  greater  than  full-scale 
state  value.  Then  for  the  first  stage  and  for  the  fifth  (because  of  the  addition  of  the  cir- 

A’*  =  I/O  +  28(t«C(/, -/o)p-t-  stage  are  obtained  from  the  A-  cuit  noise  to  the  signal),  but  we 

(7)  battery,  without  developing  trou-  can  rate  the  maximum  full-scale 
and  also  an  identical  expression  in  from  feedback.  The  bias  con-  sensitivity  as  0.005  microvolt, 
which  (fo—fi)  appears  in  place  of  nection  to  the  fifth  stage  is  rather  When  24-cycle  tuning  is  used,  the 
(/t-/o).  Eliminating  U  between  heavily  filtered,  however.  sensitivity  is  0.0042  microvolt, 

these  two  similar  expressions  and  No  by-pass  capacitor  is  provided  Figure  2  shows  a  record  of  the 
eliminating  RC  by  means  of  the  the  rectifier  circuit,  so  that  the  12-cycle  circuit  noise  made  with  a 

previously  obtained-  time  constant  direct  voltage  developed  is  propor-  recording  milliammeter  when  the 

t  *  (3  03/t(/  -/)1X  tional  to  the  average  value  of  the  input  cable  is  terminated  in  a  pair 

3'5-fT(11.25  +  i  /A’)*/i)Vi  (8)  signal.  A  part  of  this  voltage  is  of  10-ohm  wire-wound  resistors, 

which  for  F—0  6  gives  impressed,  through  a  low-pass  fil-  The  average  noise  voltage  is 

ter,  upon  the  grid  of  the  output  1.1  x  10  *  volt.  Figures  2B  to  2D. 
(i  =  0.614/  (/» —  /i)  tube.  Switch  S,  allows  the  time  inclusive,  show  the  result  of  adding 

corresponding  roughly  to  the  time  constant  of  this  filter  to  be  set  at  successively  greater  amounts  of 
constant  of  the  tuned  circuit  at  its  either  0.15  seconds  or  0.66  seconds,  .signal.  It  will  be  noticed  that  a 

half-amplitude  bandwidth.  The  The  frequency  of  maximum  am-  signal  of  0.001  microvolt  can  be 

time  constant  of  the  two-mesh  filter  plification  can  be  changed  from  12  very  definitely  detected,  although  it 
is  slightly  greater  than  that  of  a  to  24  cycles  by  switching  capaci-  is  not  greatly  above  noise  level.  In 
single-mesh  one,  however  this  dis-  tances  in  the  twin-T  network,  these  runs  the  time  constant  switch 
advantage  is  offset  by  the  greater  across  the  secondary  of  the  input  was  in  the  0.65-second  position, 
attenuation  of  the  synchronous  fre-  transformer,  and  across  each  wind-  Figure  2E  to  21,  inclusive,  show 
quency  provided  by  the  two-mesh  ing  of  the  output  transformer.  Be-  similar  data  except  that  the  switch 
filter.  cause  maximum  amplification  is  S«  is  in  the  0.15-second  position, 

^  ...  .  .  often  not  required,  the  switch  S,  and  hence  the  oscillations  of  the 

OescriptioN  of  Amplifier  ,  ,  .j,  j,  .  i  .  j  j,  ., 

has  been  provided  to  lower  the  gain  recorder  needle  are  more  rapid. 

The  circuit  of  a  two-frequency  by  a  fixed  amount.  Further  adjust-  Records  of  the  noise  level  made 
laboratory  amplifier  is  shown  in  ment  to  a  desired  sensitivity  is  with  the  secondary  of  the  input 
Fig.  1.  A  spring  suspension  used  made  by  the  volume  control  in  the  transformer  short-circuited,  show 
to  support  it  has  sufficient  stiffness  grid  circuit  of  the  fourth  stage  it  to  be  3x10  “  volt,  in  terms  of 
to  provide  a  period  of  0.8  second  which  is  composed  of  precision  the  equivalent  primary  circuit  volt- 
for  oscillations  in  the  vertical  di-  wirewound  resistors,  aqd  provides  age  or  approximately  a  quarter  the 
rection.  This  gives  adequate  pro-  attenuations  up  to  100  times,  as  circuit  noise  developed  with  lO-lC 
tection  against  ordinary  mechanical  indicated  in  the  circuit  diagram.  ohm  resistors  at  the  input  cable, 
disturbances.  Construction  and 
layout  are  not  greatly  different 

from  those  of  any  ordinary  low-  Full-scale  deffection  of  the  output 
gain  amplifier,  the  chief  difference  meter  is  obtained  with  0.05  micro¬ 
being  that  the  output  transformer  volts  developed  in  a  10-ohm  resistor 
(which  feeds  the  rectifier)  is  in  one  side  of  the  balanced  input 
mounted  in  an  entirely  separate  circuit,  with  the  attenuator  at  0.1. 
box  to  prevent  objectionable  mag-  When  there  is  no  attenuation,  and 
netic  coupling  with  the  input.  the  impressed  signal  is  reduced  to 
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SOCKETS  ARE  STANDARD 


Cinch  Duodecal  socket  is  made  of  general 
purpose  and  Iqw-Ioss  molded  phenolics.  It 
is  especially  designed  to  give  complete 
security  in  tube  removal  by  a  peripheral 
protective  barrier.  A  new  feature  incorpo¬ 
rates  wire  strain  relief  as  an  integral  part  of 
the  contact.  The  Cinch  Duodecal  socket  is 
no  larger  in  diameter  than  the  tube  base 

and  only  slightly  longer  than  the  tube  pin. 
# 

Easy  to  solder  .  .  .  simple  assembly!  Other 
Cinch  Standard  Tube  Sockets  are  being 
used  in  television  sets  with  both  ceramic 
and  low-loss  molded  phenolic  insulators 
.la  meet  every  requirement. 


CINCH 

DUODECAL  SOCKETS 
can  also  be  had  with 
wire  leads  attached 


2335  WEST  VAN  BUREN  STREET  •  CHICAGO  12,  IlllNOIS 

SwfcBldlary  of  UNITEO-CARR  FASTENER  CORPORATION.  CeNikridee  4S.  Met*. 
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generated  by  a  20H)hin  resistor,  is 
0.8x10’*  volt,  while  that  corres¬ 
ponding  to  a  5.4-cycle  bandwidth  is 
1.3 xlO'*  volt.  It  is  necessary  to 
consider  the  full  20  ohms  of  the 
two  10-ohm  resistors  in  the  input 
circuit,  because  the  voltages  they 
generate  are  in  series  with  the  pri¬ 
mary,  in  the  same  way  that  the 
signal  voltage  developed  in  a  10- 
ohm  thermal  receiver  is  in  series 
with  the  primary.  The  above  fig¬ 
ures  show  that  the  total  noise  of  the 
amplifier  approaches  thermal  limit. 

The  root-mean-square  voltage 
across  the  secondary  of  the  rectifier 
transformer  corresponding  to  full- 
scale  deflection  of  the  recording 
milliammeter  in  the  output  of  the 
direct-current  amplifier  stage  is  46 
volts.  This  means  that  the  total 
voltage  amplification  from  10-ohm 
input  circuit  to  transformer  sec¬ 
ondary  is  9.2x10*.  Of  course,  not 
all  of  this  gain  is  effectively  used, 
because  there  is  a  four-to-one  volt¬ 
age  division  in  the  rectifier  circuit 
proper,  and  because  the  direct  volt¬ 
age  developed  is  proportional  to  the 
average  value  of  the  impressed  al¬ 
ternating  voltage,  or  to  2*/*  times 
the  root-mean-square  impressed  al¬ 
ternating  current.  Hence  the  recti¬ 
fied  voltage  applied  to  the  filter  is 
only  6.2  volts,  and  the  useful  volt¬ 
age  gain  may  be  taken  as  1.04x10*. 
However,  the  larger  figure,  relating 
to  the  transformer  secondary  volt¬ 
age,  is  effective  in  determining  the 
possibility  of  there  being  stray 
feedback  of  alternating  voltages 
within  the  amplifier  itself. 


the  necessity  for  numerous  bulky 
capacitors. 

Because  (1)  no  proportionality  of 
output  versus  input  was  required 
with  this  device  and  (2)  a  rather 
wide  range  of  input  voltages  had  to 
be  handled,  the  last  stage  was  pro¬ 
vided  with  a  series  grid  resistor, 
and  thus  acted  as  a  limiter.  The 
next  to  last  stage  also  limits  some¬ 
what-on  strong  signals.  The  re¬ 
sulting  phase  shift  with  amplitude, 
while  appreciable,  is  not  enough  to 
interfere  with  the  action  of  the 
synchronous  rectifiers.  Ranges  of 
input  voltage  in  excess  of  one- 
thousand  to  one  can  be  handled 
without  difficulty. 

There  are  two  half-wave  sections 
in  the  rectifier,  each  of  which  feeds 
a  separate  filter  and  a  triode  direct- 
current  amplifier,  so  that  one  triode 
will  respond  to  a  signal  of  a  certain 
phase,  and  the  other  to  one  of  op¬ 
posite  phase.  A  differential  relay 
with  one  winding  in  series  with 
each  output-tube  plate  is  provided. 

The  amplifier  was  designed  to 
give  reliable  operation  on  input 
signals  down  to  10  *  volt  acting  in 
one  side  of  a  10-10-ohm  balanced 
circuit.  Actually,  it  does  rather 
better  than  this,  as  is  indicated  by 
Fig.  4.  Figure  4A  shows  the  oper¬ 
ation  of  a  recorder  connected  to  the 
differential  relay.  The  pen  moves 
in  one  direction  when  the  relay 
closes  due  to  current  through  the 
upper  triode  section  and  in  the  op¬ 
posite  direction  when  the  relay 
closes  on  the  other  side.  Because  of 
the  very  high  gain,  circuit  noise 
keeps  the  relay  in  operation  always. 

The  frequency  of  the  signal  re¬ 
corded  in  Fig.  4B  was  adjusted  to 
differ  by  0.2  cycle  per  second  from 
that  of  the  mechanical  rectifiers,  so 
that  with  a  strong  signal  the  relay 
and  recorder  move  regularly  back 
and  forth.  In  Fig.  4B  the  change 
in  the  character  of  the  record 
clearly  shows  the  presence  of  a 
signal  of  10’*  volt,  although  the 
operation  can  hardly  be  described 
as  satisfactory.  With  twice  as 
much  input  voltage,  the  regular 
pattern  becomes  more  evident  (Fig. 
4C)  although  noise  is  still  quite 
troublesome.  With  3x10’*  volt 
(Fig.  4D),  the  operation  is  fairly 
good,  and  at  6x10  *  or  more,  it  is 
substantially  perfect. 


NO  INPUT 
SIGNAL 


^  ^  ^  ^  S  \  ^  Compact  Amplifiar 

^  ^  S  Figure  3  shows  a  small  amplifier, 

^(P) '  ^  6  X 10  *  *  ^  having  only  four  tubes,  intended  to 

I  —  with  an  external  synchro- 

nous  rectifier  (shown  as  part  of 
^ ^  the  diagram).  The  unit  is  designed 

^  c=  =  ^  ^  ^  24-cycle  operation,  and 

^ _ ^  ~  ^  the  half-amplitude  bandwidth  is  4.0 

^  ^  ^  cycles.  Tuning  over  a  10  percent 

^  range  is  provided  by  the  ganged 

— ^^3^e  =  io^^  variable  resistors  in  the  twin-T 

=  network. 

^ ^  ^  ^  The  first  three  stages  take  a  total 

B-battery  current  of  less  than  0.6 
^  ^  ^  milliampere  at  90  volts,  and  hence  a 

small  separate  B-battery  is  used 
— I— for  them.  Using  a  battery  greatly 
reduces  the  amount  of  plate-circuit 
FIG.  4— Output  from  amplUior  oi  Fiq.  3  filtering  that  is  required  and  avoids 
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*  . . .  a  typical  feature  . 

that  insures  accuracy,  dependability  and  long  life 


ONE  thing  you’ll  like  about  the  RS  30  and  RS  40  is  the 
Mallory  method  of  fastening  the  terminals.  By  means 
of  heavy  staples  and  round  hole  stator  design,  terminals  are 
held  securely  at  two  different  points  so  they  can’t  twist  or 
work  loose.  Proper  contact  alignment  is  thus  also  assured. 

There  are  lots  of  other  features  you’ll  like,  including:  the 
unlimited  circuit  possibilities  .  .  .  the  improved  stator  design 
embracing  adequate  rotor  supports  to  assure  proper  rotor 
and  contact  alignment  .  .  .  new  silver-to-silver  double  wiping 
contacts,  formed  to  maintain  high  contact  pressure  .  .  .  where 
desired,  the  exclusive  Mallory  silver-indium  process  may  he 
applied  to  rotor  segments,  permitting  higher  contact  pressure 
with  smooth  operating  tonpie  and  a  minimum  of  contact 
resistance  with  extremely  low  noise  level  and  long  life. 

Both  switches  have  high  torque  definite  snap  indexing,  and 
both  permit  12  terminals  on  either  side  per  section.  Insulation 
is  different,  however — the  RS  30  featuring  high  grade  ceramic, 
and  the  RS  40  having  low  loss  phenolic.  Write  for  RS 
engineering  data  folder.  Many  standard  circuit  combinations 
in  Mallory  RS  30  switches  are  obtainable  from  convenient 
Mallory  distributors  under  catalog  numbers  160C,  I7(K’  and 
180C  series. 


\sk  f<»r  RS  SpefiKralioii  Sh«*et> 

<m  thin  to  |»^rmit  blueprinting,  these 

sectional  <lrawing»  indicate  utandard  and  optional 
dimenmntt  —  make  it  eaay  fur  you  to  specify  Mallory 
RS  switches  built  to  meet  your  speciBc  circuit  and 
mei*hanical  requirements. 
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Television  Production  Line 


Popular  problem  in  the  industry  is 
that  of  converting  drafting-room 
data  into  a  continuous  production 
operation  resulting  in  finished  tele¬ 
vision  receivers.  At  RCA  Victor, 
production  supervisors  with  long 
experience  in  radio  manufacturing 
helped  simplify  this  job..  With  an 
average  of  18  years  of  radio  produc¬ 
tion  experience,  these  supervisors 
supplied  the  know-how  for  making 
a  systematic  analysis  that  enabled 
the  many  operations  to  be  broken 
down  into  individual  assignments 
and  the  assembly  line  to  be  bal¬ 
anced. 

In  television  assembly  at  the  RCA 
Victor  plant,  each  line,  laid  out  as 
a  double-return  unit,  consists  of  a 
belt  conveyor  moving  at  approxi¬ 
mately  50  feet  per  hour  past  80  as¬ 
sembly  stations.  Chassis  are  car¬ 
ried  through  practically  all  opera¬ 
tions  while  supported  on  trunnion 
legs  and  inverted  to  bring  the 


chassis  bottom  into  convenient 
working  position.  Besides  the  80 
assemblers,  each  line  also  requires 
8  inspectors,  3  wire  dressers,  4  re¬ 
pair  men,  and  10  testers. 

Most  assembly  operations  are 
performed  in  2-minute  cycles,  mak¬ 
ing  a  total  chassis-assembly  time  of 
160  minutes.  Designed  to  eliminate 
batch  production  and  work-area 
storage,  conveyorized  assembly 
paces  production  at  a  rate  estab¬ 
lished  by  standard-data  time  values. 

Mechanical  Operations 

Automatic  riveting  is  the  first  as¬ 
sembly  operation  on  chassis  that 
have  been  formed,  pierced,  welded 
and  cadmium-plated.  Tube  sockets 
and  holders,  terminal  boards, 
ground  lugs,  a-c  sockets  and  recep¬ 
tacles,  electrolytic  sockets,  foot 
brackets  and  capacitor  clamps, 
transformers  and  coil  bases — a  total 
of  66  pieces  on  the  10-inch  chassis 


Trimmars.  paddert.  cmd  Iron  corea  toniog 
tha  i-f  alagaa  ora  adiuatad  ol  this  stotioo 


— are  attached  by  brass-plated 
steel  tubular  rivets.  Operations  are 
broken  down  to  1-minute  cycles, 
each  operator  having  nine  opera¬ 
tions  to  perform  in  each  cycle. 

Mechanical  operations  require  10 
of  the  80  operators  on  chassis  as¬ 
sembly  for  attaching  parts  and  sub- 
assemblies,  usually  by  air-gun  nut 
runners  or  screw  drivers  for  speed 
and  ease.  On  the  only  fixture  needed, 
the  transformer  is  placed  on  an  in¬ 
clined  block,  the  chassis  inverted 
over  it  and  the  transformer  bolted 
in  place.  Trunnion  legs  are  fastened 
to  each  end  of  the  chassis  to  carry 
it  through  subsequent  operations 
on  the  belt  conveyor. 

Soldering  and  crimping  wires  are 
done  by  operators  on  a  2-minute 
cycle.  All  operations  are  timed  by 
standard  data.  Each  worker  is 
guided  by  an  operation  sheet,  placed 
directly  in  front  of  the  station,  that 
shows  all  joints  to  be  soldered  and 
wires  to  be  crimped  at  that  station. 
Work  progresses  from  left  to  right 
on  each  chassis  so  the  operator  need 
not  work  at  uncomfortable  angles 
as  the  conveyor  belt  carries  sets 
past  his  station.  Wherever  possible, 
the  process  is  arranged  so  several 
operators  crimp  sufficient  wires  and 
parts  so  following  operators  need 
only  solder. 

Coil  Winding  * 

Tuning  of  the  television  receiver 
is  done  by  a  switch  consisting  of  7 
stacks  of  wafers  on  which  front-end 
coils  are  mounted  to  cover  all  IS 
television  channels.  Twenty  of  the 


Each  switch-tuned  front  end  consists  of  a  subossemhly  which  is  here  oligned  to  the 
frequency  of  channel  6.  All  13  channels  ore  aligned  with  on  oseilloecope 
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The  imposing  list  of  electrical  insulation 
products  which  the  IMC  Engineer  represents 
can  be  a  valuable  help  to  you  in  solving  your 

electrical  assembly  problems.  Ask  him  to  help 
*you.  His  knowledge  and  experience  qualify 
him  to  be  the  electrical  insulation  consultant 
on  your  staff.  Because  of  his  wide  experience,  he 
can  help  you  save  money.  Just  ask  him  to: 

1.  Assist  in  selection  of  the  best  insulating  ma¬ 
terials  for  the  specific  job. 

2.  Familiarize  you  with  the  proper  application 
of  these  materials. 

3.  Suggest  ways  to  use  these  materials  to  elimi¬ 
nate  waste. 

4.  Help  you  increase  the  production  of  your 
electrical  products. 
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PRIMARY  FREQUENCY  STANDARD 

This  new  instrument  provides  a  100 
kc  reference  frequency  accurate  to 
one  part  per  100,000,000  per  day, 
regaraless  of  moderate  changes  in 
ambient  temperature,  humidity  and 
air  pressure.  Designed  for  time- 
frequency  measurements  or  the  syn¬ 
chronous  operation  of  two  or  more 
independent  systems. 


FAST  AX  CAMERA 

The  world’s  fastest  p«)rtable  motion 
picture  camera  comes  in  three  mod¬ 
els:  8mm  (up  to  10,000  pictures  per 
second):  10  mm  (up  to  5,(KM)  pps); 
.'13  mm  wide  angle  (up  to  .3,300  pps). 
It  hares  secrets  of  fast-moving  parts 
and  shorl-iliiration  phenomena.  It's 
i<lcal  for  research,  design  engineer¬ 
ing,  and  testing. 


NOISE  ANALYZER 

Provides  a  simple,  reliable  means  to 
measure  the  magnitude  and  fre¬ 
quency  composition  of  noise.  An  op¬ 
tional  vibration  pick-up  can  be  usAl 
to  measure  vibrations  not  accom¬ 
panied  by  noise.  Two  models:  RA- 
.361,  which  operates  from  self-con¬ 
tained  batteries,  and  RA-362,  from 
110  volt,  60  cycle  line. 


MERCURY  CONTACT  RELAYS 

Make  possible  greater  ac<*uracy 
and  dependability  of  high  speed 
switching  machines  and  virtu¬ 
ally  eliminate  relay  mainte¬ 
nance  problems.  Hermetically 
sealed  against  dirt,  immune  to 
atmospheric  conditions,  tam¬ 
per-proof,  good  for  a  billion  or 
more  operations,  they  assure 
high  operating  speeds  and  con¬ 
stant  operating  characteristics. 


THERMISTORS 

bieal  for  temperature  measure¬ 
ment,  control  and  nianv  other 
electronic  applications.  ’The  re¬ 
sistance  of  tnermistors  varies 
greatly  with  changes  in  temfiera- 
ture— f/erreasingc  as  tempera¬ 
ture  goes  up,  increasing  as  tem¬ 
perature  goes  down.  Tney  per¬ 
mit  use  of  simpler,  more  eco¬ 
nomical  electrical  circuits  than 
are  possible  otherwise. 
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Indwdng  plot*  and  iiga  of  th*  winding  mo- 
chin*  lor  th*  iigur*-8  coil*  us*d  for  tuning 
to  th*  t*I*TUion  chann*l> 


A*  th*  conT*7or  b*It  corri**  th*  chouis  post  this  ass*mbl7  station,  th*  op*rator  crimps 
into  plac*  th*  parts  indicat*d  on  h*r  oporations  sh**t  which  romains  in  Ti*w  at  all  tim*s 


In  th*  d*iIection  tost,  th*  t*st  patt*m  from 
th*  monoscop*  shows  Tortical  and  hori* 
sontal  linoarity,  contrast  rosolution,  d*fi- 
nition.  and  transiont  int*rl*r*nc*s 


the  projecting  prongs.  The  plate  in¬ 
dexes  to  the  next  position  where  the 
coil  is  compressed  and  set  with  a 
hot  molding  compound.  Two  more 
indexings  cool  the  molded  coil,  a 
blade  snips  the  wire  and  an  air 
blast  pops  it  into  a  basket  as  a 
plunger  pushes  it  off  the  winding 
prongs. 

The  switch  subassembly  is  built 
up  on  a  metal  fixture  in  9  stations: 
3  crimping,  3  crimping  and  solder¬ 
ing,  2  mounting  wafer  stack  in  base 
and  1  mounting  end  plates.  Assem¬ 
bly  is  followed  by  inspection  of 
soldered  joints  and  testing  of  elec¬ 
trical  characteristics.  Each  unit  is 
balanced  by  peaking  the  trimmers 
for  all  13  channels  with  an  oscillo¬ 
scope  setup. 


Deflection  test  is  the  final  chassis 
electrical  test  in  which  the  test  pat¬ 
tern,  from  a  monoscope  generated 
in  the  signal  generator  cage  and 
piped  by  coaxial  cable  to  test  cages, 
permits  perfect  balancing.  As  re¬ 
produced  on  the  screen  of  the  re¬ 
ceiver,  the  test  pattern  should  show- 
circles  round  and  concentric  for 
horizontal  and  vertical  linearity 
and  no  distortion.  The  radial  reso¬ 
lution-wedge  lines  should  be 
straight  and  distinct  to  obtain  good 
black  and  white  contrast  in  closely 
spaced  lines.  The  shading  wedges 
in  black,  gray,  light  gray  and  white 
are  for  checking  contrast,  while  the 
numbers  indicate  resolution,  the 
blocks  the  definition,  and  the  paral¬ 
lel  lines  any  transients  due  to  igni¬ 
tion  and  other  electrical  interfer- 


Alignment 


coils  mounted  on  the  switch  wafers 
have  non-inductive  windings  in  the 
form  of  a  double-reverse  figure  8. 
When  pilot-model  coils,  each  one 
smaller  than  a  finger  nail,  were 
first  made  by  hand,  girls  became 
wire-happy  as  the  winding  motion 
was  not  rhythmic. 

The  machine  illustrated  winds 
from  450  to  1,300  coils  per  hour, 
depending  on  the  number  of  turns 
required.  A  finger,  through  which 
the  wire  passes,  winds  each  coil  over 


Testing  operations  are  broken 
down  into  i-f,  r-f,  and  deflection 
tests,  each  of  which  is  based  on  sig¬ 
nals  generated  in  a  master  signal 
generator  cage  and  distributed  over 
coaxial  cable  to  individual  test  lo¬ 
cations  where  alignment  is  done. 

In  i-f  test,  the  operator  checks 
continuity  of  leads  and  aligns  vari¬ 
ous  trimmers  and  powdered-iron 
cores  in  the  I-f  section  of  the  set  by 
using  as  basis  for  alignment  an 
image  signal  generated  by  a  master 
oscillator. 


From  test,  assembled  chassis  go 
overhead,  conveyed  on  trolleys  to 
final  assembly  where  cabinets,  tele¬ 
vision  chassis,  radio  chassis  and 
phonograph  units  (for  the  console) 
are  assembled  on  conveyor  lines  and 
passed  through  final  test  and  touch- 
up  to  packaging  and  shipping.  Even 
shipping  cartons  are  delivered  by 
conveyor  from  receiving  to  packing. 
All  material  movements  have,  as  far 
as  possible,  been  mechanized  to  spot 
parts  where  needed  and  when 
needed  without  tying  up  manpower. 


Locates  Grounds  in 
Shielded  Room 


Engineers  that  build  screened 
rooms  often  discover  a  fault  or 
ground  between  the  inner  and 

(Continu*d  on  p  148) 
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Additional  coverage  from  0.1 — 25  me, 


with  accessory  UMVERTER  Type  203-B 


P9m*  ofcWt  fj 


Shewn  above  it  on  interier  view  ef  the  202-B  Signal  Generater  RF 
ettembly  with  shield  cover  removed.  Heavy  aluminum  castings  term 
the  mounting  base  ef  this  RF  unit  resulting  in  a  compact  and  highly 
rigid  structure.  Girder  type  condenser  frame  construction,  multiple 
rotor  shaft  grounding  contacts,  and  welded  interstage  shield  plates 
are  but  a  few  ef  the  many  design  features  ef  this  unit  which  give 
added  circuit  stability. 


Designed  to  meet  the  exacting  requirements  set  forth  by  leading  FM  and  television 
engineers  throughout  the  country,  the  202-B  FM  Signal  Generator  has  found  .widespread 
acceptance  as  the  essential  laboratory  instrument  for  receiver  development  and 
research  work. 

Frequency  coverage  from  54  to  216  megacycles  a  rotary  type  switch  for  either  amplitude  or  fro- 

is  provided  in  two  ranges,  54  to  108  megacycles  quency  modulation. 

and  108  to  216  megacycles.  A  front  panel  modu-  jh,  calibrated  piston  type  attenuator  has  a 

lotion  meter  having  two  deviation  scales,  0-80  voltage  range  of  from  0.1  microvoH  to  0.2  voH  and 

kilocycles  and  0-240  kilocycles,  permits  accurate  j,  standardised  by  means  ef  a  front  panel  output 
modulation  settings  to  be  made.  monitor  meter. 

Ahhough  fundamentally  an  FM  instrument,  am-  The  output  impedance  of  the  instrument,  at  the 

plitude  modulation  from  zero  to  50%,  with  meter  terminals  of  the  R.F.  output  cable,  is  26.5  ohms, 

calibrations  at  30%  and  50%,  has  been  incor¬ 
porated  This  AM  feature  offers  inyeased  verso-  AVAILABLE  AS  AN  ACCESSORY 

tility  and  provides  o  moons  by  which  simultanoous 

frequency  and  amplitude  modulation  may  be  •»  203-B  Univerter,  a  unity  gain  frequency  con- 

obtained  through  the  use  of  an  external  audio  verier  which,  in  combination  with  the  202-B  instru- 

oscillator.  ment,  provides  the  additional  coverage  ef  commonly 

The  internal  AF  oscillator  has  eight  modulation 

frequencies  ranging  from  50  cycles  to  15  kilocycles,  R.F.  Range:  0.4  me.  to  25  me. 

ony  one  of  which  may  be  conveniently  selected  by  ^  p  Increment  Dial:  =^250  kc.  In  10  kc. 

increments. 

R.F.  Output:  0.1  microvolt  to  0.1  volt.  Also 
approximately  2  volts  maximum  (un¬ 
calibrated). 

For  fwrifior  informaHon  write  for  Catalog  6 


BOONTON  RADIO 
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Diagnosing  Engine  Trouble 

Aircraft  internal  combustion  en¬ 
gines  are  subject  to  failure  from 
various  causes.  To  determine  and 
isolate  the  cause  of  engine  troubles 
so  that  air  liners  can  be  serviced 
quickly,  engineers  of  Sperry  Gyro¬ 
scope  Co.  have  developed  equipment 
for  analysing  engine  operation.  The 
analyzer,  which  can  be  installed  on 
the  ship  with  indicators  at  the 
flight  engineer’s  position,  includes 
vibration,  knock,  and  ignition  data. 

Ignition  is  observed  by  means  of 
a  three-inch  cathode-ray  oscillos¬ 
cope,  the  accompanying  flgure 
showing  two  typical .  traces.  The 
vertical  deflection  plates  are  con¬ 
nected  across  the  primary  of  the 
high-voltage  transformer.  A  three- 


la  both  trocM.  lha  laiUiand  Uuctuatlona 
Of  iron  Ui«  spark.  Uppar  trac*  thowa 
normal  oporatlon;  lowor  traco  shows  ofloct 
oi  loulod  gap 


phase  generator  is  driven  by  the 
engine  shaft  to  produce  the  sweep, 
which  can  be  used  to  display  all 
plug  voltages  in  order  across  the 
screen,  or  can  be  expanded  and 
phased  to  display  only  one  pre¬ 
selected  plug  voltage.  The  trace  in¬ 
dicates  actually  the  voltage  across 
a  network  consisting  of  trans¬ 
former,  commutator,  and  spark 
plug,  but  effects  of  each  component 
can  be  recognized.  In  addition  to 
being,  useful  in  checking  engine 
operation  and  locating  faults,  the 
equipment  is  being  applied  to 
studies  of  engine  design  and  fuel 
technology. 

H*F  Automobile  Ignition 

Effectiveness  of  spark  ignition  in 
automobiles  can  be  increased  by 
combining  high-frequency  oscilla¬ 
tions  with  conventional  heat  sparks. 
Engineers  of  Tucker  Corp.  (Chi¬ 
cago,  Ill.)  have  found  that  h-f  spark 
emanation  at  the  plugs  is  such  that 
ionization  of  the  gases  during  com¬ 
bustion  is  enhanced,  and  maximum 
engine  power  is  produced  with  a 
gas-air  mixture  ratio  approaching 
16  to  1,  whereas  normal  ignition 
produces  maximum  power  with  a 
mixture  ratio  of  about  12.5  to  1. 

The  circuit  used  to  product  h-f 
sparks  is  shown  in  the  accompany¬ 
ing  drawing.  A  secondary  capac¬ 
itor  F  and  Tesla  coil  T  in  the  sec¬ 
ondary  circuit  of  the  high-voltage 
transformer  produce  oscillation. 
Continuance  of  spark  across  the 
plug  has  been  increased  to  about  35 
deg  of  crankshaft  rotation.  Other 
circuits  have  been  suggested  (Elec¬ 
tronics,  p  180  July  1947)  but  the 
one  illustrated  here  has  given  con¬ 
vincing  practical  results,  and  in 
fact,  because  instrumentation  ca¬ 


pable  of  oscillographic  presentation 
could  not  be  located,  the  h-f  igni- 


Hoory  lines  show  additions  oi  the  Holt- 
house  circuit  to  the  conTentionol  automo¬ 
bile  iqnldon  system 


tion  has  been  evaluated  on  automo¬ 
tive  performance  rather  than  elec¬ 
trical  criteria. 


Optimum  Parameter  for  Gas 
Tube  Voltage  Regulators 

By  Walter  R.  Berg 

Retrarch  A»»i»tttHt 
Engineerino  Retvareh 
Orinanct  Ketrarth  Labumtorg 
The  Renneylvania  State  College 

Circuit  constants  of  the  familiar 
gas  tube  voltage  regulator  can  be 
adjusted  to  give  a  maximum  possi¬ 
ble  regulation.  This  analysis  is  to 
determine  the  optimum  conditions. 
The  straight  line  current-voltage 
characteristic  shown  in  Fig.  lA  of 
neon  gas  tube  voltage  regulators 
such  as  the  991  and  VR-75  makes  a 
simple  mathematical  analysis  pos¬ 
sible.  In  the  use  of  regulators  that 


FIG.  1 — li  charactarUtic  of  gas  tub*  Is  a 
straight  lino  (A),  its  regulating  action  in  a 
circuit  (B)  can  bo  analysed 
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Tobl*  I — Me<uur«d  Regulation 


Using  the  diode  crystals  as  grid  r^ 
sistors  provides  a  variable  tii&t 
constant  allowing  the  charging  time 
of  the  coupling  capacitor  to  be  neg. 
ligible  compared  to  the  discharg¬ 
ing  time.  Thus  during  the  tins 
that  the  grid  is  tending  to  be  posj. 
tive,  the  diode  resistance  to  the 
charging  current  is  only  about  lOfl 
ohms  as  compared  to  about  1,000 
ohms  during  the  rest  of  the  cycle. 
Figure  IB  compares  the  wave¬ 
shapes  obtained  with  and  without 
the  diodes  showing  their  utility. 


change 
in  output 
voltage 
VOLTS 
0.25 


VOLTS 

67.40 

67.65 


OHMS 

15,500 

15,500 


VOLTS  OHMS 
145  * 

165  «> 


Rs  should  be  made  as  large  as  pos¬ 
sible.  An  analysis  of  Fig.  IB  shows 
that  Rs  can  be  made  larger  if  the 
value  of  Rl  is  increased.  In  other 
words,  the  regulation  becomes  bet¬ 
ter  as  the  load  current  is  decreased. 
In  adjusting  the  circuit  constants 
for  maximum  regulation  it  should 
be  remembered  that  the  above  math¬ 
ematical  analysis  holds  only  over 
the  working  range  of  the  gas  tube 
used.  Table  I  shows  the  results  of 
tests  on  the  VR-75  tube  of  Fig.  lA 
used  in  the  circuit  of  Fig.  IB. 


contain  gases  other  than  neon  (VR- 
90,  VR-105,  VR-160)  the  voltage- 
current  curve  cannot  be  assumed 
to  be  a  straight  line;  however,  the 
general  choice  of  circuit  constants 
as  derived  in  the  following  analysis 
holds  for  all  types  of  gas  tube  volt¬ 
age  regulators. 

The  equation  of  the  characteris¬ 
tics  line  is 

«  —  oil  -f-  6  (1) 


High  Gain  D-C  Amplifier 
.  By  W.  G.  Shepard 

Calibration  Engineer 
Boeing  Aircraft  Co. 

Seattle,  Wash. 

Unbalance  resulting  from  shifting 
grid  bias  is  eliminated  by  a  par¬ 
allel  balanced  directly  coupled  am¬ 
plifier  that  has  high  gain,  low  drift, 
fiat  response  from  0  to  50,000  q)s,i 
and  negligible  phase  shift  to  20,000 
cps. 

Counteracting  Unbalance 

Figure  1  shows  several  directly 
coupled  amplifiers.  The  amplifier  in 
Fig.  lA  is  of  the  push-pull  tyrpe  in 
which  the  signal  is  of  equal  ampli¬ 
tude  but  opposite  phase  in  the  two 
channels.  Because  drift  voltage  is 
in  phase  in  each  channel  it  does  not 
add  to  the  signal.  Common  cathode 
resistors  in  each  stage  tend  to 
equalize  the  signal  in  each  channel 
When  several  stages  are  cascaded 
to  give  very  high  amplification,  ad¬ 
justments  on  any  one  stage  seri¬ 
ously  disturb  other  stages  by  affect¬ 
ing  the  bleeder  current  common  to 
all  stages.  To  obtain  amplifier  sta¬ 
bility,  these  interrelating  biases 
need  to  be  eliminated. 

In  a  circuit  such  as  that  of  Fig. 
IB  where  individual  batteries  are 
used  to  furnish  the  voltage  drop 
between  the  plate  of  one  tube  and 
the  grid  of  the  next,  any  drift  volt¬ 
age  in  a  stage  appears  equally  on 
the  grids  of  the  next  stage  and 
therefore  does  not  interfere  with 
the  signal, 


where 


Figure  IB  represents  a  typical  gas 
tube  voltage  regulator  circuit.  In  it 

^  “  (»i  -h  *i)  +  «  '  W 

where  Rs  is  the  resistance  of  the 
current  limiting  resistor  commonly 
used  with  stabilizer  tubes.  Also 
«  “  RlH  “  oil  -f-  6  (5) 


Variable  Time  Constant 
By  Thracy  Petridbs 

Vnr  York  City,  K.  Y. 

Diode  crystals  can  be  used  as  vari¬ 
able  time  constant  circuit  param¬ 
eters,  One  application  illustrating 
their  emplo3nnent  and  advantage  is 
to  a  multivibrator.  Figure  lA 
shows  a  multivibrator  employing 
typical  diode  crystals  as  grid  resis¬ 
tors.  Where  the  negative  voltage 
developed  at  the  grid  of  the  circuit 
is  to  be  used,  the  positive  peak  due 
to  grid  current  can  be  annoying. 


Rewriting  Eq.  4  gives 


oRlE  -{-  bRiMe 


RlRb  +  clRs  +  (iRl 

Equation  9  is  the  expression  for 
the  regulated  voltage  as  a  function 
of  the  supply  voltage  and  the  cir¬ 
cuit  parameters. 

Differentiating  Eq.  9  gives 


SYMMETRICAL 

MULTIVIBRATOR 


EOUIV  CIRCUIT, 
ONE  TUBE  OFF 


fte  Rl  {Ra  +  o)  +  oRa 
Substituting  in  Eq.  9  and  10  gives 


However,  the  drift 
does  change  grid  biases  of  subse- 
As  this  change  in 


dB  aE  +  bRs  ^  ' 

For  the  best  regulation  de— dE 
should  be  made  as  small  as  pos¬ 
sible;  for  perfect  regulation  de— dE 
should  equal  zero.  In  the  design  of 
voltage  regulator  circuits  e  and  a 
should  be  made  small  and  6,  E,  and 


quent  stages, 
grid  bias  is  amplified  by  subsequent 
stages,  it  may  reach  proportions 
that  shift  the  bias  of  final  stages 
(contlnHod  on  p  I74| 


Crystal  diodos.  oithor  olono  or  In  parallol 
with  grid  rosistors,  proTont  oodosirobls 
OTOrshoot  of  multtvlbrator  Toltagos 
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AISIMag  versatility  Is  illustrated  by 
these  AISIMag  inserts  for  efecfronic  tubes 

The  insulation  requirements  of  electronic  tubes  vary 
with  the  function  and  design  of  the  tube.  Factors  of  pri¬ 
mary  importance  are:  Resistance  to  extreme  heat  shock 
without  cracking  and  without  reduction  in  strength; 
resistance  to  formation  of  electrical  conduction  paths; 
long  life  and  strength  even  in  tubes  operated  at  rela¬ 
tively  high  temperatures.  They  must  also  be  reodily 


degassed  and  uniform  in  quality  and  dimension. 

There  is  an  AISiMag  technical  ceramic  composition 
with  the  physical  characteristics  suited  to  almost  any 
electronic  tube  Insulator  or  to  any  product  requiring 
electrical  insulation.  That  composition  can  be  custom 
made  in  the  size  and  shape  which  best  meets  your  re¬ 
quirements.  Most  designs  can  be  produced  in  quantities 
quickly  and  at  low  cost  by  die  pressing.  If  you  will  send 
us  your  blue  prints  and  technical  data,  we  will  be  glad 
to  outline  the  facts  about  AISiMag  Custom  Made  Tech¬ 
nical  Ceramics  as  they  apply  to  your  product. 


AMERICAN  lAVA  CORPORATION 

CHATTANOOGA  5,  TfNNESSIE 

sales  OEFICES:  ST.  LOUIS.  MO  ,  1123  Washington  Ava  .  Tel;  Gailield  49S9  •  CAMBRIDGE.  MASS  .  38  B  Brattle  St..  Tel:  KIrhIand  4498  •  PHIIAOELPHIA.  1649  N.  Broad  St .  Tel:  Stevenson  4-2823 
NEWARK.  N  J..  671  Broad  St  . Tel  Mitchell  2  8159  a  CHICAGO.  9  S  Clinton  St  .Tel  Central  1721  •  SAN  FRANCISCO.  163  2nd  St .  Tel  Douglas  2464  a  LOS  ANGELES.  324  N  San  Pedto  8t  .Tot.  Mutual  9076 
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New  equipment,  components,  packaged  units, 
'aUied  products;  new  tubes.  Catalogs  and  manu¬ 
facturers’  publications  reviewed. 


Instrument  Pointer 
Pickup  (1) 

Fairchild  Camera  &  Instrument 
CORP.,  88-06  Van  Wyck  Blvd.,  Ja¬ 
maica  1,  N.  Y.  The  No  Torque  pick¬ 
up  replaces  the  covering  glass  win¬ 
dow  on  the  aircraft  or  industrial 
instrument  to  be  read  at  a  distance, 
and  a  small  permanent  magnet  is 
then  mounted  on  the  indicator 


Mismatches  can  be  immediately  ob¬ 
served  and  measured  in  transmis¬ 
sion  lines,  antennas,  and  coupling 
impedances.  A  descriptive  circular 
is  available. 


Talkie-  (4) 

Motorola  Inc.,  4545  Augusta 
Blvd.,  Chicago  51,  Ill.  A  handie- 
talkie  operating  in  the  25  to  44  meg¬ 
acycle  band  weighs  7  pounds  and 
can  be  used  for  reliable  communi- 


shaft.  There  is  no  mechanical  con¬ 
nection  between  pickup  and  instru¬ 
ment  Indication  is  obtained  by 
the  phase  of  the  magnetic  couple  be¬ 
tween  the  stationary  magnetic  field 
of  the  instrument  pointer  and  the 
rotating  field  of  the  instrument 
pickup.  A  piezoelectric  crystal  is 
used  to  convert  this  mechanical 
couple  into  an  electrical  voltage. 
Phase  angle  is  a  function  of  the  in¬ 
dicator  pointer  position. 

Equalizer  (2) 

A.  F.  SCHMUCKLER  &  Co.,  338  East 
23rd  St.,  New  York  10,  N.  Y.  The 
Afgsco  equalizer  200X-1B  is  a 
small  general  purpose  device  for 
use  where  the  nominal  level  is  mi¬ 
nus  10  db  to  0  db.  It  can  be  incor¬ 
porated  in  a  console  or  used  with 
relay  rack  mounting.  It  introduces 
no  insertion  loss  or  change  in  gain 


at  1,000  cycles  for  any  setting  of 
the  controls.  It  equalizes  at  50  and 
7000  cycles.  Available  in  steps  of 
3  db  from  minus  15  to  plus  15  db, 
when  the  position  of  both  high  and 
low  controls  is  zero,  its  transmis¬ 
sion  is  substantially  flat  from  50  to 
15,000  cycles. 


Reflection  Meter  (3) 

Kay  Electric  Co.,  34  MarshaU  St., 
Newark  2,  N.  J.  The  Mega-Match 
measures  reflected  energy  over  a 
frequency  range  from  10  to  250 
megacycles  or  higher,  giving  a 
visual  display  for  bands  as  wide  as 
30  megacycles.  A  precision  wave- 
meter  is  incorporated  in  the  device. 


USING  THE  NUMBERS 

R*«d«rs  dasiring  further  details 
concerning  any  item  listed  in  the  New 
Products  department  can  obtain  the 
information  by  using  the  cards  fur¬ 
nished  as  a  stifF,  colored  insert  else¬ 
where  in  this  department. 

Place  the  number  (appearing  to 
the  right  of  the  heading)  of  one 
item  in  which  you  are  interested  in  a 
circle  and  then  fill  out  the  balance 
of  the  card  according  to  directions 
appearing  on  the  colored  sheet.  Un¬ 
numbered  items  listed  at  the  end 
should  be  procured  direct  from  the 
manufacturer  or  publisher  upon  pay¬ 
ment  of  the  fee  noted. 


cation  up  to  two  miles.  The  fre¬ 
quency-modulated  transmitter  and 
the  receiver  use  18  tubes  and  the 
equipment  operates  from  standard 
dry  batteries. 


Shutter  Speed  Meter  (5) 

Hickok  Electrical  Instrument 
Co.,  10527  Dupont  Ave.,  Cleveland 
8,  Ohio.  An  electronic  instrument 
to  measure  the  shutter  speed  of  any 
camera  consists  of  a  light  source 
and  photosensitive  element  con¬ 
nected  to  a  meter  that  reads  shut- 


T 


> 

Fv^ 

■  1  ■■  ■  ' 

'  1 

Regulated  Power  Supplies 


MODEL  106-PA 

Characteristics: 

O.C.  Vo/toge  Range .  .  .  200-300 V.,  140  Ma. 

A.C.  Fit.  Power . (2)  6.3  V.,  5  amps. 

Ripple  Content . 1/  10  of  1% 

A.C.  Input . 1 15V.,  50/60  cycles 

Size . 5'  X  19' X  9"  deep 

Output  rumoins  constant  within  uvun  though  lin« 

vohog*  vorios  botwuen  95 — 130  volts.  Pric*  $325 
(f.  o.  b.  Cambridge,  Moss. ) 

MODEL  207-PA 

Characteristics: 

D.C.  Voltage  Range  . .  0-3 500V.,  1  amp. 

positive  or  negative 
grounding 

A.C.  Input . 220V.,  50/60  cycles 

(Vorioc  Control) 

Overload  Relay . Adj.  0.6 —  1  amp. 

Size . 26Vi'x  32''x  36'deep 

Meters  on  front  panel  indicate  line  voltage,  output 
voltage,  and  output  current. 

Power  supply  is  mounted  m  casters  for  portability 
Access  doors  provided  with  interlock  safety  switches. 


MODEL  206-PA 

Characteristics: 

D.C.  Voltage  Range  .  .  500-700V.,  250  Mo. 

700.?000V.,200Mo. 

Ripple  Content . 05  of  1% 

A.C.  Input . ]  J5V.,  50/60  cycfes 

Size . l2'/4'x  I9''x  13"  deep 

Output  is  constant  from  no  lood  to  full  lood  of  eoch 

range  within  1%. 

Interlocking  relay  protection  at  oil  voltages  insures 
safe  operation.  Time  deloy  for  high  voltage  circuit 
applications  prevents  tube  damage.  Price  $490 
(f.  o.  b.  Cambridge,  Moss.) 

MODEL  306-PA 

Characteristics: 

O.C.  Voltage  Range  .  .  300-750V.,  30  Mo. 

750- 7800V.,  30  Mo. 

1800~3600V.,30Ma. 

Ripple  Content . 300-750V.,  0.01% 

750-  7800V.  I  Q  jqr 
7800-3600 V.l  ^ 

A.C.  Input .  7  75V.,  50/60  cycles 

Size . 17Vi"x19"x13"  deep 

Regulation  control  b  provided  for  adjustment  to  perfect 
load  regulation,  or  to  provide  over-regulation,  if  desired. 

Sofety  devices  ore  incorporated  to  protect  operating 
personnel.  Meters  indicate  line  voltage,  output  voltoge, 
and  output  current. 


For  Every  Purpose 


a' carrying  handle  and  hood.  The 
equipment  is  described  in  a  single 
page  sheet. 


Relay  Receiver  (8) 

Radio  Engineering  Labs.,  Inc., 
35-54  36th  St.,  Long  Island  City  1, 
N.  Y.  Type  670L  relay  receiver  is 
essentially  a  custom  built  job  for 
broadcasters  interested  in  receiv- 


ter  timing  directly  in  fractions  of 
a  second.  Model  166  tells  the  story 
quickly. ' 


in  the  range  between  15  and  100 
megacycles.  Special  circuits  are 
employed  to  select  the  third,  fifth, 
and  seventh  harmonics  of  the  crys¬ 
tal  fundamental  mode.  Crystals  are 
lapped  to  0.004  inch,  silver  plated, 
and  clamped  rigidly  between  ce¬ 
ramic  rings. 


Oscilloscope  Projection 
Lens  (6) 

Allen  B.  .DuMont  Laboratories. 
Inc.,  2  Main  Ave.,  Passaic,  N.  J. 
Large-screen  oscillograms  can  be 
obtained  with  the  type  2088  pro¬ 
jection  lens  on  oscilloscopes  employ¬ 


ing  only  one  frequency.  The  equip¬ 
ment  has  been  used  for  f-m  broad¬ 
cast  relay  service  in  the  88-  to 
108-megacycle  band.  Low  distor¬ 
tion,  high  fidelity,  and  crystal  con- 
trpl  are  a  few  of  the  main  features 
of  the  equipment. 


Oven  Temperature 
Control  (11) 

W.  S.  Macdonald  Co.,  33  Univer¬ 
sity  Road,  Cambridge  38,  Mass.  A 
proportioning  electronic  tempera- 


Hammarlund  Mfg.  Co.,  Inc.,  460 
West  34th  St.,  New  York  1,  N.  Y. 
The  type  533  trimmer  is  a  precision 
capacitor  of  not  more  than  15  mi- 
ing  the  type  5RP-A  high-voltage  crofarads.  It  uses  for  its  base  the 
cathode-ray  tubes.  A  pattern  can 
be  projected  to  distances  beyond  8 
feet.  ■V' 


r  controller  is  available  that 

L  #  ^  maintains  the  temperature  of  elec- 

lll^  ^  trically  heated  ovens  within  less 

^  than  0.1  degree  at  temperatures  up 

A  to  1,200  F.  Power  flow  to  the  oven 
is  continuous  rather  than  in  on-off 
.  C  ■ "  .  ^  cycles.  A  large  vernier  type  dial 

^jlPP  allows  quick  and  accurate  selection 

of  desired  temperature.  Power  is 
insulated  support  of  any  component  not  throttled  until  the  furnace 
in  tbe  chassis  at  the  physical  point  reaches  a  point  within  15  degrees 
it  is  needed.  Available  only  to  man-  of  the  preset  value,  thus  speeding 
ufacturers,  it  is  sold  mounted  on  the  initial  heating, 
bases  supplied  or  as  rotor  and 
stator  assemblies  together  with 

parts  required  for  installation.  Coax  Relay  (12) 

Advance  Electric  and  Relay  Co., 
1260  West  2nd  St.,  Los  Angeles, 
Calif.  The  Series  7200  a-c  and 
8200  d-c  relays  are  designed  for 
spdt  switching  of  50-ohm  coaxial 
(continued  on  p  192) 
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pH  Meter  (7) 

Photovolt  Corp.,  95  Madison  Ave., 
New  York  16,  N.  Y.  The  new  model 
100  pH  checker  uses  a  meter  that 
covers  the  complete  pH  range  on  a 
single  dial.  A  wide-range  tempera¬ 
ture  control  simplifies  use  of  the 
equipment  which  requires  no  bat¬ 
teries.  The  model  105  unit  includes 


VHF  Crystal 


Bliley  Electric  Co.,  Erie,  Pa. 
Type  BH-6  vhf  crystal  can  be  used 


The  same  skill  with  which  we  fabricate  Small 
Gears  for  so  many  of  America’s  most  particular 
users,  is  also  available  for  you.  Get  started  now 
depending  upon  this  one  BIG  source  for  all 
of  the  Small  Gears  you  need.  Here,  you’ll  enjoy 
the  advantage  of  all  the  large,  highly  special¬ 
ized  facilities  developed  thru  a  quarter  century 
of  concentrating  on  the  manufacture  of  finer 
Small  Gears  exclusively. 


If  you  need  production  runs  of  Fractional 
Horsepower  Gears  that  perform  more 
smoothly  and  accurately,  that  measure  up  to 
highest  uniform  standards  of  quality  and  pre¬ 
cision,  by  all  means  discuss  your  requirements 
with  a  G.S.  Engineer!  Possibly  he  may  suggest 
a  better  design,  a  more 
practical  material,  a 
method  of  production  I 
that  will  result  in  better  >  -  .5 

gears,  at  moderate  cost. 

Will  you  write  or  tele¬ 
phone  us  today} 


Specialties 


b  •  Wer 
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Magnavox  presents* •• 


a  new  5"  x  7"  Elliptical  Speaker 


"VTOW  The  Magnavox  Company,  pioneer  in*the  production  of  elliptical 
^  speakers,  offers  you  another  important  new  addition  to  its  family 
of  famous  component  parts — Model  57B2226,  5"  x  7"  Elliptical  Speaker. 


an 

tiind 


hat  served  the  radio  v  industry  for  over  32  years 


This  model  is  immediately  available  in  elec¬ 
trodynamic  or  permanent  magnet  design, 
in  various  field  and  magnet  sizes  to  meet  any 
requirement.  Your  inquiries  are  invited. 

The  Elliptical  Speaker  offers  decided  advan¬ 
tages  in  design  and  performance  for  a  wide 
variety  of  applications.  Where  space  is  at  a 
premium  (especially  height),  or  when  a  cer¬ 
tain  sound  pattern  is  desired,  the  popular  oval 


speaker  has  proven  itself  to  be  the  answer. 

Over  100  different  speaker  models  are  made 
to  supply  every  produaion  need.  Capacitors 
and  other  component  pans  are  "tailor-made” 
to  the  individual  manufacturer’s  require¬ 
ments.  In  your  planning,  be  sure  to  con¬ 
sult  with  loud  speaker  headquarters.  The 
Magnavox  Company,  Components  Division, 
Fort  Wayne  4,  Indiana. 


SPEAKERS  •  CAPACITORS  • 
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Model  57 B222b,  5"  x  7" 
FJliptical  Speaker  shou-n  above 


NEWS  OF  THE  INDUSTRY 
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Institute  when  completed.  These 
computers  will  solve  problems  in 
minutes  that  now  take  days  to  work 
out,  and  will  solve  in  days  piub. 
lems  that  are  now  out  of  the  reach 


Status  of  civilian  GCA;  first  issue  of  Nu¬ 
cleonics;  pro^am  of  Chicago  Electronics 
Conference;  Soviet  television  plans 

Electronic  Computing  Service 


An  institutb  of  Numerical  Analy¬ 
sis  is  to  be  established  at  the 
University  of  California  in  Los  An¬ 
geles,  utilizing  electronic  appara¬ 
tus  to  do  research  in  applied  mathe¬ 
matics  and  provide  an  ultra-speed 
computing  service  for  the  West. 

The  Institute  will  be  a  unit  of 
the  National  Applied  Mathematics 
Laboratories  now  being  organized 
at  the  National  Bureau  of  Stand¬ 
ards.  It  will  have  two  basic  func¬ 


tions:  (1)  research  and  training  in 
applied  mathematics,  with  partic¬ 
ular  emphasis  on  the  efficient 
exploitation  and  development  of 
high-speed  electronic  computing 
machines;  (2)  the  provision  of  an 
expert  computing  service  for  groups 
located  in  the  West. 

One  of  the  giant  high-speed  elec¬ 
tronic  computing  machines,  now  un¬ 
der  development  by  the  Bureau  of 
Standards,  will  be  installed  at  the 


of  scientists.  Design  specifications 
call  for  high  memory  capacity  and 
automatically  sequenced  mathemat¬ 
ical  operations  from  start  to  finish. 

The  Institute  has  two  primary 
functions.  The  first  is  research  in 
applied  mathematics  aimed  at  de¬ 
veloping  methods  of  analysis  which 
will  extend  the  use  of  the  high¬ 
speed  electronic  computers.  The 
second  is  to  act  as  a  service  group 
for  Western  industries,  research  in¬ 
stitutions,  and  government  agen- 


Proposed  Changes  in 
Television  Allocations 

Sharing  of  television  channels  with 
other  radio  services  having  proved 


TRACKING  RADIOSONDE  WITH  RADAR  ON  WEATHER  SHIP 
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LEFT:  Releasing  weather  balloon  from  which  is  suspended  a 
triongular  metal  rowin  reflector  for  obserring  winds  oloft  by 
tracking  with  radar.  A  conrentional  radiosonde  is  carried  below 
the  reflector  for  transmitting  temperature,  pressure,  and  humidity 
data  to  this  British  weather  ship  "Weather  Observer."  BIGHT: 
Bodor  antenna  used  on  ship  for  tracking  the  weather  balloons 
during  their  oscent  into  the  stratosphere.  This  is  the  first  weather 


ship  to  be  outfitted  under  a  recent  agreement  wherein  10  natlosi 
wtll  provide  13  such  ships  for  stations  in  vorious  parts  of  ths 
Atlantic  to  provide  meteorological  data  and  navigational  aid* 
for  oircroft.  as  well  as  assist  in  aircraft  rescue  when  necessary. 
Every  few  hours  each  ship  will  radio  dato  to  its  base,  from  whidi 
the  Information  will  be  pooled  ond  made  available  to  airliss 
operators,  weother-predicting  agenciee  ond  ■tmtim  servloes 


INCREASED  PRODUCTION 
to  meet  increased  demand 

permits  NEW  lOW  PRICES 

for  FRANKLIN  AIRtOOPS 


AIRLOOPS  .  .  .  bocit  pofit/  ond  hop  ante 


More  and  more  manufacturers  of  receiving  sets  are  adopting  AIRLOOPS  as  standard 
for  their  loop  antenna  and  cabinet  back  requirements  .  .  .  this  increase  in  demand 
permits  manufacturing  economies  which  are  going  right  back  to  AIRLOOP  users, 
in  the  form  of  NEW  LOW  PRICES  .  .  .  competitively  AIRLOOPS  are  the  lowest  cost  loop 
antenna  and  cabinet  back  and  more  important  AIRLOOPS  incorporate  many  superior 
features  which  in  themselves  improve  set  performance  ...  no  set  builder  can  afford 
to  overlook  the  significance  of  the  AIRLOOP. 


.  .  .  FRANKLIN  AIRLOOPS  are  flat  sheets  of  copper  die-stamped  into  perfect  super  sensitive 
loops  .  .  .  are  air  dielectric  throughout  .  .  .  are  lower  in  cost  .  .  .  are  back  panel  and  loop 
in  one  unit  .  .  .  have  high  uniform  “Q”  over  entire  band  .  .  .  have  low  distributed  capacity 
.  . .  have  27%  greater  effective  loop  area  .  .  .  have  electrical  and  mechanical  stability  .  .  . 
increase  set  sensitivity  .  .  .  eliminate  individual  loop  adjustment  .  .  .  eliminate  haywire. 


FRANKLIN  CORPORATION 


43-20 -34th  ST.,  LONG  ISLAND  CITY  1,  N.  Y. 
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was  given  funds  for  purchase  of 
only  two  sets. 

As  a  further  step  toward  full  uti¬ 
lization  of  available  funds  for  air 
safety,  it  has  been  agreed  that  CAa 
and  the  AAF  will  explore  the  possi¬ 
bility  of  joint  procurement  of  im¬ 
proved  GCA  sets  to  be  ordered  by 
both  agencies  about  January,  1948. 
It  is  hoped  that  in  this  way  the 
CAA^  with  funds  to  purchase  only 
two  sets,  can  obtain  the  savings  of 
mass  production  while  specifying 
modifications  which  it  may  require 
for  civil  use. 

With  continued  availability  of 
the  sets  assured,  CAA  has  inau¬ 
gurated  24-hour  GCA  service  at  the 
three  locations. 

Earlier  this  year,  the  AAF  had 
offered  CAA  a  loan  of  20  additional 
GCA  sets,  but  in  view  of  the  elimi¬ 
nation  by  Congress  of  funds  re¬ 
quested  for  operating  them,  CAA 
has  notified  the  Army  that  it  is 
unable  to  accept  this  offer. 


MEETINGS 


IRE,  Washington,  D.  C;  technical 
papers. 

Oct.  20-24:  SMPE  Theater  Engineer¬ 
ing  Conference,  Hotel  Pennsylvania, 
New  York. 

Oct.  23-25:  Annual  Meeting,  Optical 
Society  of  America,  Netherland 
Plaza,  Cincinnati,  Ohio;  symposium 
on  microwave  optics. 

Nov.  3-5:  National  Electronics  Con¬ 
ference,  Edgewater  Beach  Hotel, 
Chicago. 

Nov.  3-7:  AIEE  Midwest  General 
Meeting,  Chicago,  Ill. 

Nov.  7-8:  Conference  on  X-ray  and 
Electron  Diffraction,  Mellon  Insti¬ 
tute  of  Industrial  Research,  Pitts¬ 
burgh,'  Pa. 

Nov.  17-19:  Rochester  Fall  Meeting, 
Sheraton  Hotel,  Rochester,  N.  Y.; 
technical  papers  and  exhibits. 

Nov.  19-23:  Televisiim  Exposition, 
Kiel  Auditorium,  St.  Louis,  Mo.; 
exhibits  and  telecasts. 


Sept.  24-26:  West  Coast  IRE  Con¬ 
vention,  Palace  Hotel,  San  Francisco, 
Calif.,  Prof.  Karl  Spangenburg,  gen¬ 
eral  chairman,  Stanford  University, 
Palo  Alto,  Calif. 

S^T.  26-28 :  Third  annual  Electronics 
Trade  Show,  Hotel  Whitcomb,  San 
Francisco,  sponsored  by  West  Coast 
Electronic  Manufacturers’  Associa¬ 
tion,  W,  Noel  Eldred,  secretary,  care 
of  Hewlett-Packard  Co.,  Palo  Alto, 
Calif.  '  . 


Sept.  26-28:  Hudson  Division  ARRL 
Convention,  Convention  Hall,  Asbury 
Park, -"N.  J.;  technical  papers  and 
exhibits  of  electronic  equipment  for 
radio  amateurs. 


Sept.  29-Oct.  2:  Annual  meeting.  In¬ 
ternational  Municipal  Signal  Associa¬ 
tion,  Inc.,  Pantlind  Hotel.  Grand 
Rapids,  Michigan;  technical  papers 
and  exhibits  of  police  and  fire  radio 
equipment. 

Sept.  30-OrT.  lit  National  Radio  Ex¬ 
hibition,  Olympia  Hall,  .London, 
sponsored  by  British  Radio  Industry 
Council  and  featuring  new  British 
radio,  electronic  control,  radar,  and 
television  equipment. 

Oct.  20-22:  Joint  meeting  of  Inter¬ 
national  Scietitilip  Radio  Union  and 


March  22-25:  IRE  Convention  and 
Radio  Engineering  Show,  Hotel 
Commodore  and  Grand  Central  Pal¬ 
ace,  New  York  City, 


Narrow-Band  F-M  Authorized 

Use  of  narrow-band  frequency  mod¬ 
ulation  for  radiotelephony  by  class 
A  amateur  radio  operators  in  the 
bands  3,850-3,900  kc  and  14,200- 
14,250  kc  has  been  authorized  by  the 
FCC  on  an  experimental  basis  until 
further  order,  but  in  no  event  be¬ 
yond  Aug.  1,  1948.  In  addition,  the 
holder  of  any  class  of  amateur  radio 
operator  license  is  authorized  to  use 
narrow-band  f-m  radiotelephony  at 
any  licensed  amateur  radio  station 
on  frequencies  from  28.5  to  29  me 
(continued  on  p  240) 


impracticableT)ecause  of  serious  in-  adopted,  the  table  of  frequency  allo- 

terference  to  television  reception,  cations  published  in  June  15,  1946 

the  FCC  proposes  to  abolish  chan-  Electronics,  p  82,  will  be  modified 

nel-sharing  provisions.  In  order  to  as  follows : 

accommodate  the  nongovernment  uniteh  states 

fixed  and  mobile  radio  services  for  in  mc 

which  provision  was  formerly  made  to:|^ 

on  a  Visiciiq  on  i'olAvi^iion  f*Ti5in—  54-60  f^lGTision  hroHtlcflbtiniJ"  clitiiiin^l  — 

on  a  snarea  oasis  on  television  cnan-  Television  broadcasting,  channel  3 

nels  1  through  5  and  9  through  13,  Television  broadcasting,  channel  4 

,  72-76  Nongovernment  fixed 

the  assignment  of  channel  1  (44-50  76  82  Television  broadcasting,  channel  5 

.  .  ,  ,  ,  ,  ,  .  1  .  82-88  Television  broadcasting,  channel  6 

me)  IS  to  be  changed  from  televi-  174-I86  Government  fixed  &  mobile 

174-180  Televlslon  broadcasting,  channel  7 
sion  to  nongovernment  fixed  and  I8O-I86  Television  broadcasting,  channel  8 

mnbilp  At  thp  ‘ni'P^PTit  timp  thppp  is  186-192  Television  broadcasting,  channel  8 

mODlie.  Al  ine  present  time  mere  is  192-198  Television  broadcasting,  channel 

no  television  station  operating  on  ,„oon.  <  <  v.  ^  »,  1 

^  198-204  Televlslon  broadcasting,  channel 

this  channel  and  only  one  construe-  11 

A*  •!  *  X  A  J*  204-210  Television  broadcasting,  channe! 

tion  permit  is  outstanding.  12 

The  band  72-76  me  is  to  be  limited  Television  broadcasting,  channe 

to  use  by  the  75-mc  aeronautical 

marker  beacons  and  to  fixed  circuits 

on  an  engineered  basis  with  a  view  o.  .  r  a-*  a-^a-a 

.  ...  ,.  ,  ,  ,  .  ,  status  of  Livihau  GCiA 

to  avoiding  adjacent-channel  inter¬ 
ference  to  television  broadcasting.  The  Army  Air  Forces  has  giver 
Radio  stations  presently  authorized  CAA  full  title  to  the  three  grounc 
for  this  band  would  be  permitted  to  controlled  approach  radar  sets  op 
continue  for  a  five-year  period.  erated  by  the  CAA  on  loan  from  thi 

An  oral  argument  will  be  held  be-  AAF  at  New  York  (LaGuardii 

fore  final  action  only  if  comnwnts  Field),  Washington,  and  Chicago 

received  before  Sept.  15,  1947  ap-  ,  The  CAA  had  requested  appropria 
pear  to  warrant  holding  such  a  hear-  tions  for  the  purchase  of  thesi 
ing.  If  the  proposed  changes  are  three  sets  and  of  20  additional,  bu 


F-M  NETWORK 


WHUO’FM 
Niogoro  Foils 


fochtsttr 


^'QWSYR- 

Vm 

VJWHG  \S|rrocutt 


Worct$l 


(NBF-FM 

B^nghomte 


corning 

WKNP 


WNLC-FM 
Now  London 


WFMZ-»<x 

Allonfown^ 

’wfTE^fST- 

PtHleddlphio 


11  pi  no  ATZXMN  a  W2XEA 

CONNCCTCO  BY 
— 8-KC  TELEPHONE 
CABLE 

> CONNECTED  BY 
'  /  DIRECT  RADIO 
'  PICKUP 


KEY  STATM 
WASH  c 


Statui  of  Continental  F-M  Network  as  oi 
August  1947,  when  three  programs  a  week 
were  being  carried  by  a  total  of  20  stations, 
8  connected  by  AT&T  lines  equalised  to 
over  8,000  cycles,  and  the  remainder  using 
direct  radio  pickup  and  rebroadcasting 
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TUliS  AT  WORK 

(continuad  from  p  134) 


Washer  permanently  fastened  on,  yet 
free  to  rotate.  Easier,  faster  driving. 
No  fumbled,  lost  or  forgotten  washers. 
Matching  finish  on  both  parts.  Easier 
ordering  and  balonced  inventories. 


Increase  assembly  speed  up  to  50%! 
Cot  down  injuries  to  workers  with  no 
burrs,  no  skids  Reduce  production  costs. 
Reduce  rejectsi  Improve  product  ap¬ 
pearance!  Go  modern  with  Phillips! 


The  latest  type  recessed-head  screw. 
Screw  lock>  on  driver  Can't  fall  off 
No  screw-driver  slippage.  Easy  to  as¬ 
semble.  Exceptional  driver  life.  Ordi¬ 
nary  screw-driver  may  also  be  used. 


Scovill  is  expert  in  cold-forging  unusual 
special  fastenings,  such  as  the  one 
shown  Scovill  designing  ability,  engi¬ 
neering  skill,  men  and  machines  save 
money  for  customers.  Consult  Scovill! 


Look  at  the  fastenings  you’re  now  using— and  see  if  they’re 
the  best  for  the  job.  Get  better  results— at  less  cost— with 
modern  fastenings.  If  you  use  fastenings  in  large  quantities, 
it  will  pay  you  to  find  out  what  Scovill  can  do  for  you.  Fill 
out  and  mail  the  coupon  below— now/ 

MAIL  COUPON  TOOAYl 


^  CONH.  I 


QUALITY  FASTENERS 
FOR 

QUANTITY  CUSTOMERS 


outer  screens  upon  completion.  The 
usual  procedure  is  then  to  tear  out 
the  inner  screen  and  rebuild  it.  One 
government  laboratory  r  e  c  o  n- 
structed  the  inner  screen  three 
times  before  it  was  ground  free. 

At  the  Cook  Research  Labora¬ 
tories  in  Chicago,  a  technique  has 
been  used  for  this  purpose  employ¬ 
ing  an  oscilloscope,  a  solenoid  ex¬ 
ploring  coil,  and  a  1-kva,  60-cycle, 
step-down  transformer. 

The  low-voltage  secondary  of 
the  transformer  was  connected 
with  one  terminal  to  the  outer 
screen  and  one  terminal  to  the 
inner  screen.  With  its  primary 
energized  ‘from  the  laboratory 
power  circuit,  approximately  100 
amperes  of  current  flowed  from  one 
screen  to  the  other  through  the  one 
or  more  faults.  The  solenoid  ex¬ 
ploring  coil  was  connected  to  the 
vertical  deflecting  circuit  of  the  os¬ 
cilloscope  and  was  moved  along  the 


Reversal  of  polarity  shown  on  the  scope 
screen  indicates  location  of  faults  in 
screening 


inside  wall  of  the  room,  particularly 
along  the  wall-ceiling  and  wall- 
floor  junctions. 

While  moving  the  coil,  the  oper¬ 
ator  could  observe  on  the  c-r  tube 
the  increase  or  decrease  of  signal 
produced  by  the  magnetic  field  of 
the  fault  current  flowing  in  the 
inner  screen.  As  a  fault  was  ap¬ 
proached,  the  signal  amplitude 
would  build  up  and  when  going  di- 
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Problems  solved  by  Richardson...  in  Plastics 


«3-N0N- CORRODING  BEARING  ON  POTATO  WASHING  MACHINE 


PROBLEM  •Galvanized  rollcas  must  dently  move  and  rotate 

POTATOES  THROUGH  A  WASHING  OPERATION  WITHOUT* 

DAMAGE.  Roller  assembly  consietio  op  a  tube  with 
A  stamped  metal  cap  welded  on  each  END  WHICH  SERVED 
AS  THE  BEARING.  Water  was  ALWAYS  present  WHICH 
CORRODED  BOTH  CAP  AND  CONVEYOR  PIN.  CoRROdON, PLUS 
THE  METAL'TO-METAL  CONTACT,  RBSULTEO  IN  EXCESSIVE 
WEAR  OP  BOTH  PARTS. ThIS  CAUSED  MISALIGNMENT,  CREAT¬ 
ING  A  SLIDING  ACTION  OP  THE  ROLLER  ON  THE  RAILS. 
The  PINAL  RESULT  WAS  IMPROPER  WASHING  OP  THE 
POTATOES  AS  WELL  AS  INCREASED  POWER' DEMANDS- 


SOLUTION:  The  STAMPED  METAL  CAP  WAS  REPLACED  BY  A  DISC 
OP  Laminated  IN5UR0K,  Grade  CG  which  was  press^fitted 

INTO  THE  ROLLER  .  RESULT  .  .  . 

(1)  Welding  operation  eliminated. 

(2) INSUR0K  DISC  GREATLY  INCREASED  THE  BEARING 
AREA,  GIVING  BETTER  SUPPORT  TO  THE  ROLLER. 

(3)  Friction  greatly  reduced  because  op  the  charact¬ 
eristics  OF  INSUROK  Grade  C6. 

(4)  Greatly  lessened  power  load 

(5)  Wear  on  conveyor  pin  and  bearing  practically 
eliminated. 

(6) The  rollers  rotate  in  a  parallel  plane, resulting 

IN  A  BETTER  WASHING  OPERATION. 


INSUROK  Precision  Plastics 

INSUROK  is  the  family  name  of  a  great  variety  of  laminated  and  molded  plastic  products  produced 
by  Richardson.  Laminated  INSUROK  is  available  in  sheets,  rods,  tubes,  punched  and  machined 
parts,  made  with  paper,  fabric,  glass,  etc.  Molded  INSUROK  products  are  made  from  Beetle, 
Balcelite,  Plaskon,  Tenite,  Styron,  Durez,  Lucite,  etc.,  by  compression,  injection  and  transfer  molding. 


^  RICHARDSON  COMPANY 

S.Itt  Htodquarttrt.  MELROSE  PARK,  lU.  SOUNDED  ISSt  tOCKlAND.  CINCINNATI  IS,  OHIO 

NEW  YORK  *,  7S  WEST  STREET  SoGi  ONic.t  ROCHESTER  4,  N.  Y.,  1031  SISLEY  TOWER  SlOO 

PHILADELPHIA  40,  PA.,  3721  NO.  BROAD  STREET  MILWAUKEE  3,  WIS.,  743  NO.  EOURTH  STREET 

CLEVELAND  IS,  OHIO.  334.7  PLYMOUTH  ILDG.  •  DETROIT  3,  MICH  .  4.352  G.  M.  BLDG.  •  ST.  LOUIS  13,  MO  ,  SS79  PERSHING  AVENUE 
S.creri.t:  MELROSE  PARK,  ILL.  •  NEW  BRUNSWICK,  N.  J.  •  INDIANAPOLIS,  IND. 


RICHARDSON  MEANS 


IN  PLASTICS 
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TELEXinc 


ELECTRO. ACOUSTIC  DIVISION 
TELEX  PARK 
Minn«opolis,  Minn. 


TUBES  AT  WORK  (ceirtinu«d) 

rectly  over  the  fault,  the  amplitude 
would  go  to  zero  and  reappear  with 
reversed  polarity.  In  every  case, 
the  faults  were’  found  to  be  at  the 
exact  points  where  the  polarity  re¬ 
versal  took  place.  To  prevent  get¬ 
ting  false  indications  of  polarity 
reversal  the  operator  had  to  take 
care  not  to  rotate  the  exploring  coil 
about  any  of  its  own  axes  as  he 
moved  it  along. 


PERFECT  HEARING  COMFORT 


(i^ONOSEl 

hv  TELEX 


General  Purpose 
Portable  Amplifier 

By  C.  R.  Smitley 
Research  Assistant 

OrditanCf  Regcarch  Laboratory 
The  J'<*nngylranla  State  College 
State  CoVepe,  Pa. 

Small  versatile  amplifiers  are 
commonly  required  in  the  labora¬ 
tory  or  classroom  in  conducting 
various  experiments  or  demonstra¬ 
tions.  In  filling  this  need,  an  am¬ 
plifier  system  was  developed  to 
meet  the  following  specifications: 
(1)  Frequency  range  of  Ike  to  100 
kc;  (2)  Flat  gain  within  0.5  db 
over  the  above  frequency  range; 
(3)  Voltage  gain  of  20  db  or  40 
db  to  be  switch  selected;  (4)  Equi¬ 
valent  input  noise  level  less  than 
90  db  below  one  volt;  (5)  Incor¬ 
poration  of  high-impedance  input 
stage  to  prevent  loading  of  elec¬ 
tronic  circuits  by  the  amplifier;  (6) 
Operation  from  a  115-volt  a-c  line; 
(7)  Shock  mounting  of  the  ampli¬ 
fier  to  reduce  microphonics;  (8) 
Small  physical  size  and  portable 
construction. 


Thousands  of  secretaries  have  long  exclaimed, 
"Oh!  For  a  transcribing  machine  with  comfort- 
n  able  headphones." 

W  4  And  here’s  the  perfect  answer  to  this  need  . . . 

Vi  ^  hi  the  new  TELEX  Monoset...  now  standard  equip- 

ment  on  the  Gray  Manufacturing  Company’s 
CIV  new  transcribing  machine,  the  Gray  Audograph. 

This  modern  under-the-chin  headset  is  light  in 
weight,  comfortable  and  instantly  adaptable  to 
X  I  the  user.  There  is  no  ear  fatigue,  no  more  mussed 

up  hair  with  the  TELEX  Monoset ...  and  it  gives 
a  new  kind  of  performance  that  means  improved 
work  and  improved  disposition.  Its  electro-acoustic  "heart"  assures 
faithful  sound  reproduction.  Its  rugged  plastic  construction  assures 
years  of  service.  Yes,  the  TELEX  Monoset  teamed  with  the  new 
Gray  Audograph  is  another  example  of  "perfect  hearing  comfort." 

Write  Department  AM  for  information  and  quotations.  We'll  be  happy 
to  show  you  how  the  TELEX  Monoset  can  become  part  of  your  team  for 
perfect  hearing  comfort  wherever  headphones  are  needed. 

SPECIFICATIONS  ,,  , 

88  d.b.  above  .000204 

Imnmdnnem-  2000  ohms— Part  No.  2568  Smmitivitv:  dynes  per  square  centi- 

'  500  ohms — Part  No.  2569  meter  for  10  micro- 

128  ohms— Part  No.  2570  watt  input. 


Amplifier  Circuit 

The  schematic  diagram  of  the 
amplifier  appears  in  Fig.  1.  Tubes 
F,  and  F*  are  6SJ7’s  used  as  R-C 
coupled  high  gain  voltage  ampli¬ 
fiers.  The  R-C  constants  are  so 
chosen  that  the  gain-versus-fre- 
quency  characteristic  in  the  range 
1  kc  to  100  kc  is  constant  within 
0.5  db.  The  output  of  F,  is  applied 
to  Fa,  a  6SH7  cathode  follower  out¬ 
put  tube.  Tube  F4  is  a  6SH7  con¬ 
nected  as  an  auxiliary  cathode  fol¬ 
lower  to  serve  as  an  impedance 
transformer  for  use  in  making 
measurements  across  high-imped¬ 
ance  circuits. 

Rotary  switch  Si  is  used  to 
change  the  gain  of  the  amplifier  or 
to  connect  the  impedance  trans- 


Canodian  Distributors: 

Addison  Industries,  Ltd.,  Toronto 
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^BBADIOKOlSE-PKOOnOWnHCD^. 


v  g.  Pit-  O®- 


When  we  say  Radio  Noise-Proo/ed— we  mean  Radio 
f^oise-Proofed.  It’s  no  tridc  at  all  to  build  a  filter 
with  high  attenuation  at  150  kc  or  100  me  .  .  .  but 
to  build  one  which  filters  at  150  kc  and  100  me— dr 
well  as  all  points  in  between— is  a  horse  of  a  differ¬ 
ent  color.  We  know  because  we’ve  done  it.  It  is 
only  one  of  hundreds  of  available  types  of  C-D 


Among  these  stpek  types  there  may  he  one  which 
will  bring  the  interference  level  of  your  product 
down  to  the  level  of  a  rabbit’s  bark.  If  not,  we 
invite  you  to  make  full  use  of  our  Radio  noise- 
proofing  laboratory  and  our  engineers  for  the  de¬ 
velopment  of  a  unit  designed  for  your  specific  needs. 

Your  inquiries  are  cordially  invited.  Address: 
Cornell-Dubilier  Elearic  Corporation,  Dept.  K-10, 
South  Plainfield,  N.  J.  Other  large  plants  in  New 
Bedford,  Worcester  and  Brookline, 
Mass.,  and  Providence,  R.  I. 

Moke  Your  Product  More  SaloobU 
With  C-D  Quiotono  Radio  Noito 
Filters  and  Spark  Suppressors 


MICA  •  DTKANOL  •  PAPER  •  EIECTROITTIC 
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SustalB0d  boiUnq  ol 
nawBrusA  eartridq«s 
sAowad  BO  impair- 
m»nt  ol  fproduction 
abUUr! 


New  Crystal  Pickup 
resists  heat  and  humidity 
provides  High-Stylus 
Compliance! 


Cartridge  reqiaires 

less  than  V2  ounce  stylus  force. 

Sapphire  stylus  con  be  removed 
cmd  replaced  without  tools. 

This  is  sensational  news! 

Here's  a  crystal  pick-up  that  ^ 

offers  unequalled  characteristics: 

Maximum  stylus  life  due  to  highly 
t  compliant  mounting  and  low  stylus 
force  .  .  .  almost  impossible  to  chip. 

High  output. 

Internal  equalization. 

Flat  frequency  response. 

Low  distortion. 

^  Less  than  Vi  ounce  styltrs  force  required. 
Stylus  removable  and  replaceable 
without  tools. 

Low  needle  talk. 

New  crystal  moimting  keeps  crystal 
effective  in  high  humidity  ...  in  heat  as 
high  as  250^^?. 

Tests  show  cartridge  unharmed  after 
15  minutes  in  boiling  water. 

for  tho  complete  atory  on  thia  lateat  Bruah 
development,  write  TODAY  I 

The  Brush  Development  Co. 


3405  Parkint  Avanua 


FIG.  1 — The  amplifier  incorporates  a  two 
position  goin  control,  and  auxiliary  cath- 


I  ode  follower  for  measurements  across 
high  impedance  electronic  circuits 

forming  cathode  follower  to  the  out¬ 
put  terminals.  With  the  switch  in 
either  the  20-db  or  40-db  position, 
the  output  of  V,  is  connected  to  the 
output  terminals;  when  the  switch 
is  in  the  infinite  impedance  posi¬ 
tion,  the  cathode  of  V*  is  connected 
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raw* 


A  megohm  at  —3  volts.  .5  megohm  at  —1  volt.  W  2  megohms  at 

"k 

.8  megohm  at  —2  volts.  .35  megohm  at  —  H  volt.  2  megohms  at 

A  megohm  at  —33  volts.  .25  megohm  at  —100  volts. 

The  6,000,000th  crystal  Sylvania  made  was  a  1N38! 

Let  Sylvania  engineers  help  you  with  your  crystal  problems. 


:  ■  '• 


^  A.C  VOLTS*'^ 
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BALLANTINE  ELECTRONIC  VOLTMETER, 
DECADE  AMPLIFIER  and  MULTIPLIERS 


TUBES  AT  WORK  (cont,nu.d) 

across  the  output  terminals  and  the 
voltage  to  be  measured  is  impressed 
across  the  infinite  impedance  Ip 
put  terminals.  Negligible  loading 
of  the  circuit  under  measurement 
will  take  place  when  any  ordinary 
type  of  instrument  is  connected 
across  the  output  of  the  amplifier. 


MODiL  300 
ELEaitONiC 
VOLTMETER 


MODEL  220 
DECADE 
AMPLIFIER 


MODEL  402 
MULTIPLIER 


»in<«  1935 

th«  only  VOLTMETER 
(•otwring  a  timplifScd 
LOGARITHMIC  SCALE 


10  MICROVOLTS  to  10,000  VOLTS 


OISE  HILLIOIS  TO  OlVE— This  enormous  range  of 
AC  voltages  — is  easily  covered  by  the  Model  300 
Voltmeter,  Model  220  Decade  Amplifier  and  Model 
402  Multipliers  illustrated  above.  The  accuracy  is 
2%  at  any  point  on  the  meter  scale,  over  a  frequency 
range  of  10  cycles  to  150  kilocycles.  The  Model  3(K) 
Voltmeter  (AC  operated)  reads  from  .(M)l  volt  to 
100  volts,  the  Mo<lel  220  Amplifier  (battery  o|>eraled) 
supplies  accurately  standardized  gains  of  10\  and 
lOOx  and  the  Model  402  Multipliers  extend  the  range 
of  the  voltmeter  to  1,(MK)  and  10,0(M)  volts  full  scale. 

Dencriptive  Hulletin  No.  10  Available 

BALLANTINE  LABORATORIES,  INC. 

EOONTON,  NEW  JERSEY,  U.S.A. 


FIG.  2 — Rear  view  oi  unit  shows  amplifier 
stages  above,  and  power  supply  below 

The  normal  gain  of  the  amplifier 
system  without  feedback  is  approx¬ 
imately  70  db.  However,  to  obtain 
gain  stability,  feedback  through  C„ 
Rt  and  is  obtained  from  the  out¬ 
put  terminals  of  V3  to  the  cathode 
of  y,.  With  switch  S,  in  the  40-db 
position,  the  overall  gain  is  ad¬ 
justed  to  40  db  by  means  of  /?„  a 
rheostat  placed  at  the  rear  of  the 
chassis.  The  divider  in  the  grid 
circuit  of  V,  prevents  overloading 
of  this  .stage  at  higher  input  levels. 

With  switch  S,  thrown  in  the  20- 
db  position,  Rt  in  the  feedback  path 
is  shorted  out,  the  feedback  is 
greatly  increased  and  the  overall 
gain  is  adjusted  to  20  db  by  means 
of  R,.  There  is  interaction  between 
the  20-db  and  40-db  adjustments  so 
that  these  must  be  made  two  or 
three  times  in  succession  until  the 
proper  settings  are  obtained. 

It  will  be  noted  that  the  feedback 
factor  is  large  for  both  the  20  and 
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SEIENIUM  omI  INTELIN  DIVISION,  WOO  Passaic  Avt.,  East  Nawark,  New  Jersoy 

In  Canada;  —  Evdoral  Eloctric  Manufocturina  Campony,  Ltd.,  Montraal. 

[■part  Distribvtars .  —  Intamotianal  Standard  Eloctrk  Carp.,  67  Broad  St.,  N.  Y  C. 


HKmNe  rCDKRAL  VKARS  ANCAD. . .  is  ll&T  s  world  wid* 
rasaorchond  enginaarinfi  orgoniiotion,  of  which  the  Eodarol 
Talocommunicotion  loborotorias,  Nutity,  N.  J.,  it  o  wnit. 


LONGER-LASTING  PERFORMANCE 


with  Federal’s 

YJnhliny 

H-F  Transmission  Lines 

1,  Their  unuaually  low  attenuation  losses  assure  the 
most  efficient  transfer  of  energy  between  antenna 
and  receiver  or  transmitter. 

2,  Their  uniformity  and  permanence  of  characteristics 
permit  peak  receiver  performance,  without  annoying 
distortion  from  locally-induced  interference. 

2,  Their  flexibility  and  outstanding  resistance  to 
weathering,  moisture  and  abrasion  contribute  to 
years  of  trouble-free  service. 

IN  THE  FIVE  ITEMS  listed  here,  there’s  a  high-frequency 

cable  for  practically  every  antenna  application.  The 

K-1128  75-ohm  line,  for  transmitter  use— the  K-1079  and 

K-1046  lines  for  general  FM  and  Television  service.  The 

smooth  oval  cross-section  of  these  75,  100,  and  300-ohm 

lines  prevents  the  accumulation  of 

foreign  matter,  thereby  maintaining 

stable  capacity  characteristics.  The 

K-32  and  KT-51  coaxial  cables  offer 

peak  performance  for  applications  C* 

where  locally -induced  interference  ikmBsr 

is  severe.  — — —  — 

IC  lATQ 

For  complete  information  and  prices 
on  these  cables,  see  your  local  distrib- 

IC  112ft 

utor.  For  other  high-frequency  cables 
—write  to  Federal,  Dept.  D113. 


lOO-ohm  line 


#30  Stronded 


/S-OMI  Mm 


^  080" 


0  30  Strondffd  K-1046 


3M-«lini  line 


O.OtS?"  Stronded 


DATA  FOR  FEDERAL  H-F  CABLES 


Tm 

Cberectorlstlc 

Ohen 

VeteeNy  et 
Pioniiltei 
deperceet) 

CMMitftWC# 

■'>erFt 

Mart 

K-1079 

100 

71 

15.5 

K-1128 

75 

71 

19.5 

K-1046 

300 

81 

4  0 

K-32 

73 

66 

22 

KT-51 

95 

66  16 

Atte—itlee.  Db  per  100  Ft  - 
Fwmwecy  In  Megicydet 

1.0  1.7  30  I  100  800 

.6  .75  2.8  5  2  8.8 


2.0  4.0  7.3 


Here's  Why  Your  Antenna 

Installations  Will  Give 

_  ■  ‘ 


A#/I2>g  otter 


mica  IS 


TUSES  AT  WORK  (eoKtinu.^) 

40-db  gain  settings.  Consequently, 
the  gain  values  are  independent  of 
variations  in  tubes,  components, 
and  supply  voltage  to  a  very  good 
approximation. 

So  that  it  will  present  a  high-im- 
pedance  to  an  external  circuit,  the 
impedance  transformer,  y«,  is  con¬ 
nected  as  an  open-grid-circuit 
cathode  follower.  Consequently,  a 
d-e  isolation  network  must  be  con¬ 
nected  to  the  input  terminals  of 
this  stage  when  high  d-c  voltages 
to  ground  appear  across  the  portion 
of  the  circuit  under  measurement. 
The  gain  of  Vt  is  very  nearly  unity 
due  to  the  large  cathode  resistor  in¬ 
corporated  in  this  stage. 

The  power  supply  is  straightfor- 
ward.  The  R-C  filters  are  utilized 
in  view  of  the  space  requirements. 
The  V-R  tubes  are  used  to  obtain 
a  relatively  constant  B+  output  of 
255  volts.  A  potentiometer  iJ,  con¬ 
nected  across  the  heater  supply 
winding  is  used  as  an  adjustable 
center  tap  to  minimize  hum  out¬ 
put. 


MICA  h  a  natural  product,  buTfaTIts  native  state  its  use 
is  extremely  limited.  After  it  is  mined,  MICA  must  be 
graded,  refined  and  then  combined  with  suitable  bind¬ 
ers  and  laminated  into  sheets  or  compressed  into  divers 
useful  shapes.  All  of  this  requires  costly,  complicated 
machinery  and  mature  manufacturing  experience.  That's 
why,  starting  with  a  good  natural  product,  AAACALLEN 
always  ends  up  with  a  superior  manufactured  product. 
This  superiority  is  yours  at  no  premium  by  merely  stand¬ 
ardizing  on  MACALLEN  MICA  and  MICA  PARTS. 


40  -OB  BANGE 


0!  VOLT  mpt. 


20  DB  range  ^ 
to  volt  input 


TO  30  100  300  1000  1 0,000 

_ FREQUENCY  IN  CYCLE.S 


FIG.  3 — Ampliiiar  godn-verius-frequoncy 
characteristics  ior  the  20-<lb  and  40-db 
gain  settings 


When  You  Think  of  MICA,  Think  of  MACALLEN 


The  lower  frequency  pass  charac¬ 
teristic  of  the  amplifier  was  re¬ 
stricted  to  1  kc  to  minimize  hum  re¬ 
sulting  from  the  use  of  the  60-cycle 
filament-supply  voltage  and  conse¬ 
quent  120-cycle  variation  of  the 
plate  current. 

Conatriiction  and  Alignment 

The  instrument  is  mounted  in  a 
case  having  the  same  physical  di¬ 
mensions  as  a  Ballantine  Model  300 
voltmeter. 

A  rear-view  photograph  of  the 
device  with  the  cover  removed  ap¬ 
pears  in  Fig.  2.  Tubes  Vi,  V,,  V,, 
and  Vi,  together  with  associated  re¬ 
sistors  and  capacitors,  are  mounted 


THE  MACALLEN  COMPANY  •  BOSTON  27,  MASS. 

CHICAGO:  565  W.  Washington  Blvd.  •  CLEVELAND:  1231  Superior  Ave. 
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M  % 


TUBES  AT  WORK 


45  so  60  TO 

FREQUENCY  IN  KC 


LOW  RESISTANCE  TEST  SET  #670C 

1,000  to  $00,000  micro-ohms 
(Olhor  rongos  from  200  micro-ohms 
to  too  ohms) 


FIG.  4 — Maximum  input  signalg  that  Qu 
amplifier  can  handle  without  dUtortion  art 

shown  here  as  functions  of  frequency 

on  the  small  metal  plate  at  the  top. 
This  entire  assembly  is  mounted  on 
Lord  shock  mounts  to  avoid  micro- 
phonic  difficulties.  Flexible  leads 
to  this  unit  are  provided  for  the 
same  reason.  The  shock  mounts 
are  mounted  on  a  metal  plate  bolted 
to  the  front  panel  and  used  as  a 
shield  between  the  amplifier  section 
and  the  power  supply. 

The  power  supply,  at  the  lower 
portion  of  Fig.  2,  is  a  self-contained 
unit  which  is  also  bolted  to  the 
front  panel. 

In  aligning  the  amplifier,  a 
known  input  voltage  source  is  con¬ 
nected  to  the  input  terminals  and 
a  voltmeter  connected  to  the  output 
terminals.  The  20-db  and  40-db 
gain  adjustments  are  made  and 
repeated  until  the  two  positions 
check  satisfactorily  after  which 
the  rheostat  arms  are  locked  in  posi¬ 
tion. 

Hum-adjustment 


Shallcross 


twtmmmmwm  #6Bt-2 

O.OOti  to  11.11  mo^ohm* 
i?  odcBtioital  dotisn*  and  15  of 
IMKonf  limit  bri<t9«()  ,  t 


DEUDE  BOX  .#t2S 

11,110  ohmi  in  1  ohm  ctopt 
lOthm  dofigns,  1  to  7  dial*,  from 
0.1  to  11,111,110  ohmil 


. . .  for  electrical 
measurements 


potentiometer 
R,  is  adjusted  by  connecting  an  os¬ 
cilloscope  across  the  output  termi¬ 
nals  and,  with  the  input  terminals 
shorted  and  switch  Si  in  the  40-db 
position,  adjusting  Ri  for  minimum 
output  signal. 

Performance 

The  pass  characteristics  of  the 
amplifier  for  the  20-db  and  40-db 
gain  positions  are  shown  in  Fig.  3. 
It  will  be  observed  that  the  response 
meets  the  specification  of  being  flat 
within  0.5  db  over  the  frequency 
range  of  1  kc  to  100  kc.  It  will 
also  be  noted  that  60-  and  120-cycle 
signals  are  greatly  attenuated  rela¬ 
tive  to  the  signals  in  the  pass  range 
of  the  amplifier. 

Figure  4  shows  the  maximum 
voltage  that  may  be  impressed 
the  input  terminals  as  a 


Shallcross  Electrical  Measuring  In¬ 
struments  are  made  in  many  types 
—  from  sturdy,  inexpensive  bridges 
for  school  and  production  use,  to 
fault  location  bridges,  high-voltage 
test  equipment,  low-resistance  test 
sets  and  numerous  others. 


Write  for  Bulletin  on  any  type, 


VOITABE  DIVIDER  (DKadt  PotMtioRWlBf) 

10,000  ohms  ielal.  Voltog*  roHe:  0.001  to  1.0 
lOthor  3-  and  4-dial  doiigni,  1,000 
to  100.000  ohmt) 


AKRA-OHM  PRECISION  RESISTORS 
14  Standard  Types. 

50  available  special  designs. 


PRECISION  SWITCHES 
3S0  designs  for  Instruments  and  high, 
grade  electrical  apparatus. 


Shallcross  Manufacturing  Co, 

Electrical  Measurement  Specialists 
Dept.  E-107  Celllngdole,  Pa. 


across 

function  of  frequency  under  the 
condition  that  negligible  distortion 
Distortion  was  checked  by 


occur, 
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YOU  GET  QUALITY  PLUS  ENGINEERING  SERVICE  WITH  G-E  PERMANENT  MAGNETS 


D««ign*d  by  G-E  •nginMrs, 
this  ALNICO  p«rinan*nl 
magnet  holding  atsombly 
inturos  potifivo  snap  ac¬ 
tion  in  the  Titan  100% 
Shutoff  Automatic  Safety 
Piiot  manufactured  by  tha 
Titan  Valve  and  Mfg.  Co. 


The  Magnet  that  Safeguards  your  Gas  Heater 


Moreover,  greater  flexibility  of  magnet  design 
is  possible  with  the  many  G-E  permanent  magnet 
materials  now  available.  These  include  cast  and 
sintered  ALNICO,  the  ductile  alloys  CUNICO, 
CUNIFE  and  SI  LM ANAL  and  lightweight  non- 
metallic  VECTOLITE.  Metallurgy  Division,  Chemi¬ 
cal  Department,  General  Electric  Company,  Pitts¬ 
field,  Mass. 


Here’s  a  magnetically  controlled  pilot  light 
for  your  gas  heater  that’s  100%  safe.  While  the 
pilot  flame  is  burning,  the  ALNICO  permanent 
magnet  assembly  grips  a  steel  ring,  keeping  the 
gas  line  open.  When  the  flame  goes  out,  a  thermal 
device  and  retaining  spring  force  the  holding 
magnet  assembly  away  from  the  ring,  shutting  off 
the  gas  supply. 

We  shall  be  glad  to  help  you  also  with  your 
magnet  application  problems.  Backed  by  years  of 
research  and  magnet  design  experience.  General 
Electric  engineers  are  always  at  your  service. 

The  precise  quality  control  methods  used 
throughout  G-E  magnet  production  plus  accurate 
testing  and  rigid  inspection,  assure  you  of  receiv¬ 
ing  magnets  of  the  highest  uniform  quality  for 
your  application. 


Sand  for  our  now  bollotln,  CDM-1,  "0-1  fformanont 
Magnotfl,"  tpacMcally  dosignod  to  holp  you  with  your 
pormanont  magnot  probloms.  Thte  bollotln  contolnt  in¬ 
formation  about  tho  charactorbtic*  and  proportios  of 
G-l  pormanont  magnot  nratortais,  thoir  appiication 
and  dotign. 


METALLURGY  DIVISION,  S*c.  FA- 10 
CHEMICAL  DEPARTMENT 
GENERAL  ELECTRIC  COMPANY 
PITTSFIELD,  MASS. 

Please  send  me  your  new  bulletin, 
COM- 1,  "G-E  Permanent  Magnets/' 


PERMANENT 

MAGNETS 

GENERAL « 


NAME . 

COMPANY 
ADDRESS- 
CITY . 


STATE 


ELECTRIC 


CD47-JAC 
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FOR  THE 

TIMING 

PROBLEMS 


MANUFACTURING  COMPANY,  INC 


CONNECTICUT 


TORRINGTON 


YOUR  PRODUCTS 


HARNESS  TIME  TO 


SUBSIDIARY  OF  GENERAL  TIME  INSTRUMENTS  CORPORATION 


Designers,  engineers  and  manufacturers  of  equipment  calling 
for  automatic  timiirg  find  Haydon  experience  and  practical 
knowledge  of  great  value  in  solving  timing  problems.  Many 
reset  or*  repeat  cycle  timing  obstacles  which  seem  complex 
can  be  solved  by  application  of  one  of  the  above  units  with¬ 
out  variation.  Sufficient  volume  will  warrant  development  of 
tailor-made  devices.  Custom-built  Haydon  units  feature  simple 
design  and  low  cost  standard  components. 

Write  to  Haydon  at  Torrington,  leader  in  the  field  of  electric 
timing  devices.  Send  full  details  including  cycle  chart,  duty 
requirement,  space  limitations,  voltage,  frequency  and  un¬ 
usual  operating  conditions.  Engineering  catalog  available 
on  request. 

WRITE  HAYDON,  2400  ELM  STREET,  TORRINGTON,  CONNECTICUT 


TUBES  AT  WORK  (eontitiu«d) ‘ 

placing  an  oscilloscope  across  the 
output  terminals  while  the  data  for 
these  curves  were  being  obtained. 

The  equivalent  input  noise  level 
of  the  amplifier  was  found  to  be 
90  db  below  1  volt  on  the  40-db 
range  and  96  db  below  1  volt  on  the 
20-db  range.  These  results,  in  con¬ 
junction  with  those  given  in  Fig. 
4,  determine  the  operating  range 
of  the  instrument  in  terms  of  input 
sfgnal  level. 


Tube  Production  Techniques 


By  Vincent  G.  Jarman 

Klectronict  Bhopt 
Wettem  Electric  Oo. 

New  York,  N.  Y. 

• 

Two  INNOVATIONS  in  tube  assembly 
have  improved  the  quality  and  re¬ 
duced  the  cost  of  manufacturing 
vacuum  tubes.  One  is  a  new  type 
electrode  holder  on  bench  welders, 
and  the  other  is  an  adjustment  fix¬ 
ture  for  examining  alignment  of 
grid  laterals. 

Holder  for  Welder  Electrodes 

Resistance  welding  is  used  in  as¬ 
sembling  intricate  metal  parts  of 
vacuum  tubes.  The  former  practice 


Fig.  1 — Oldttyle  welding  electiodei 


involved  insertion  of  electrodes  di¬ 
rectly  in  the  head  of  the  welder  as 
illustrated  in  Fig.  1.  The  entire 
electrode  was  made  of  costly  rod  and 
was  turned  down  and  tipped  in  the 
company  shop.  As  the  tip  wore,  a 
maintenance  man  refaced  it  until  it 
had  to  be  replaced,  although  a  great 
part  of  the  original  material 
remained. 

To  simplify  maintenance  and  re¬ 
duce  waste  the  electrode  holder 
shown  in  Fig.  2  was  developed.  It 
fits  into  the  welder  head  exactly  as 

October,  1947  —  ELECTRONICS 


STUPAKOFF 


CERAMIC 


Precision  Ceramic  peirts  for  highly  sensitive 
Cathode  Ray  and  other  tubes — and  for  electronic 
components,  require  extremely  close  tolerances, 
highest  quality  materials  and  correct  engineer¬ 
ing.  Such  parts  are  constantly  produced  by 
STUPAKOFF. 

The  dimensional  accuracy  and  sturdy  struc¬ 
ture  of  STUPAKOFF  Ceramics  speed  fabrication 
processes,  improve  your  products,  make  faster 
assembly  possible  and  assure  greater  satisfac¬ 
tion.  Standardize  on  STUPAKOFF  for  all  your 
ceramic  needs. 


AND  MANUFACTURING  COMPANY  ....  LATROBE,  PA. 

C«bl«  AdrfrcMi  STUPAKOFF.  LATROII 
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WHY  ARE  CORNISH  WIRE  PRODUCTS  SPECIFIED  BY  THIS 
LARGE  MANUFACTURER  OF  FLUORESCENT  PRODUCTS? 

Because  their  Engineering  Department  knows  by  test  that  they 
will  give  faithful  and  enduring  performance  and  meet  all 
the  requirements  of  the  specifications  of  the  Underwriters' 
Laboratories. 

Because  their  Production  Department  finds  that  they  have 
those  qualities  essential  for  quick  installation  and  come 
packed  in  such  manner  as  to  assure  maximum  ease  in 
handling. 

Because  their  PURCHASING  Department  realizes  that  these 
Quality  Products,  backed  by  dependable  service,  are 
sold  at  prices  that  spell  true  economy  .  .  . 


COIUIISII  WIRE  CO.,  K 

15  Park  Row  •  New  York  City,  7 


Fig*  2^ — N»w  electrodes  in  holders 

did  the  former  electrode.  As  the 
new  electrodes  are  held  in  swivels, 
they  can  be  moved  toward  each 
other  as  they  wear;  faces  can  be 
prepared  and  maintained  by  the 
operators.  The  new  electrodes  are 
either  i  or  3/16  inch  as  compared 
to  the  i  inch  size  used  formerly. 
Average  life  of  the  old  electrodes 
was  about  three  weeks,  and  about 
80  percent  of  the  material  was  dis¬ 
carded. 

The  new  electrodes  last  over 
three  months  and  have  been  used 
in  assemblying  the  2K56  metal 
klystron  and  such  miniature  tubes 
as  the  403B,  2C51,  399A,  and  400A. 
Whereas  the  old  type  electrode  tip 
became  larger  as  the  electrode  wore, 
the  tip  of  the  new  type  electrode  re¬ 
mains  the  same.  Also,  an  exten¬ 
sion  of  the  use  of  electrode  holders 
permits  holding  several  electrodes 
to  make  multiple  welds. 
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Grid  Alignment  Fixture 

In  assembling  tubes  that  employ 
two  or  more  grids  with  aligned  lat¬ 
eral  wires,  operators  held  the  tubes 
for  inspection  and  adjustment  in 
different  positions  with  the  result 
that  the  alignment  was  along  the 
same  axis.  The  variations  in 
manufacture  could  well  have  caused 
important  variations  in  tube  per¬ 
formance.  With  the  new  adjust¬ 
ment  fixture  shown  in  Fig.  3,  the 
grids  can  be  inspected  from  only 
one  position. 

The  fixture  consists  of  a  view¬ 
ing  mask  with  a  slit  in  it.  The 
grid  support  is  placed  in  a  block 
that  can  be  moved  vertically  and 
turned  over  180  degrees.  The  view- 


Covrtesy  SANDEL  Mtg.  Co.,  makers  of  Fluorescent  lamps 


The  Rauland  VlSITRON  iofp4/r6025 

^  ...  the  NEW  Picture  Tube  with 

Unprecedented  Brilliance 


aBS^SBI 


aluminized 

on-screen 

75  f!  ^•iHiance 

i 

**  fc...  # 


I0FP4 

AVERAGE  CHARACTERISTICS 


Specifications  of  the  Rauland  Visitron  10FP4/R6025 


Heater  Voltage 


Focusing  Method 


Electromagnetic 


Deflection 


Electromagnetic 


Deflection  Angle 


50  Degrees 


Phosphor  P4 
Aluminized  Reflector 


Screen 


Bulb  Diameter  (Max.) 


Length 


Small  Shell  Duodecal  7  Pin 


Cavity 


Anode  Terminal 


Anode  Volts  (Max.) 


Anode  Volts  (Operating) 


External  Coating  (Optional):  500  mmf. 


GRID  DRIVE -VOLTS 


WRITE  FOR  INTERESTING  BULLETIN 


f^dtUldJid 


COmMUMICATIOMS  •  TllfVISlOH 


AAOIO  •  RADAR  •  SOUND 


ering  is  our  business 

4265  N.  KNOX  AVE. 


the  rauland  corporation 


CHICAGO  41,  ILLINOIS 
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•  Time  lost,  a  distinct  bluish  tint  process  —  to  prevent  pinholes  and 
to  nearby  air  .  .  .  and  all  because  of  other  irregularities,  and  to  guaran- 
a  pinhole  or  thick  thread  in  a  piece  tee  that  every  roll  comes  to  you  with 
of  inferior  tracing  cloth.  a  uniform  surface  and  lasting  trans- 

Arkwright  guards  against  acci-  lucency. 
dents  like  this  by  making  sure  all  See  for  yourself  how  much  better 
thick  threads  are  removed  from  the  Arkwright  is.  Send  for  free  work- 
base  cloth  even  before  it  is  bleached,  ing  samples.  Sold  by  leading  draw- 
You’ll  find  one  safeguard  like  this  ing  material  dealers  everywhere, 
after  another  —  all  the  way  through  Arkwright  Finishing  Co.,  Provi- 
Arkwright’s  special  mechanical  dence,  Rhode  Island. 


All  Arkwright  Tracing  Cloths 
have  these  6  important  advantages 

1  Erasures  re-ink  without  "feathering” 

2  Prints  are  always  sharp  and  clean 

3  Tracings  never  discolor  or  become 
brittle 

4  No  surface  oils,  soaps  or  waxes  to  dry 
out 

5  No  pinholes  or  thick  threads 

6  Mechanical  processing  creates  per¬ 
manent  transparency 


AAAERICA’S  STANDARD  FOR  OVER  25  YEARS 


I 


TUBES  AT  WORK 


Fig.  3 — Grid  adiustment  fixturo  ior  viewing 
loterai  grid  wires 


ing  mask  with  its  magnifying  lens 
can  be  moved  relative  to  the  block 
for  accommodation  to  various  op¬ 
erators  eyes.  A  fluorescent  lamp 
behind  one  vertical  edge  of  the 
screen  illuminates  the  grid  assem¬ 
bly. 

The  operator  mounts  the  grid  as¬ 
sembly  on  the  block  and  moves  it 
upwards,  viewing  the  individual 
windings  through  the  slit.  At  the 
last  winding,  the  block  is  reversed 
and  the  operation  repeated  for  the 
other  side  of  the  grid  as  the  block 
is  lowered.  A  small  probe  can  be 
inserted  to  adjust  laterals  that  are 
out  of  line.  The  flxture  has  in¬ 
creased  both  the  thoroughness  of 
inspection  and  the  con.si.stency  of 
tubes  produced  in  this  shop. 


Diode  Contact  Potential 
For  Negative  Bias 

By  Howard  T.  Sterling 

VevB  York,  N.  Y. 


Ever  since  the  discovery  of  the 
so-called  Edison  effect,  contact  po¬ 
tential  has  been  a  source  of  interest 
and  frequently  of  annoyance  to 
workers  in  electronics.  It  can, 
however,  serve  as  a  convenient 
source  of  bias  in  high  gain  audio 
amplifiers  and  in  the  r-f  and  i-f 
stages  of  receivers. 

When  a  diode  is  connected  as 
shown  in  Fig.  1  there  will  be  a  d-c 
output  voltage  of  from  zero  to 
something  over  1  volt  depending 
upon  the  value  of  the  load  resistor. 
The  curve  in  Fig.  1  shows  this  char- 
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attaching 

CAGE  NUTS 


ATTACHING  C 
SPEED  NUTS  J 


O  LOCK  WASHER 
ELIMINATED 

•  SPOT  WELDING 
ELIMINATED 

•  SPEED  NUT 
COSTS  LESS 

•  BOLT 
COSTS  LESS 

O  LABOR  COST 
IS  LESS 

•  OVERHEAD 
IS  LESS 


Total  saving  for 
one  operation  using 
only  18  SPEED  NUTS 


MORE  THAN  4000 


On  this  one  simple  operation,  a  prominent  automobile  manufacturer  saved  48c 
per  car  by  changing  over  to  the  SPEED  NUT  System  of  Fastening.  Simple  mathe¬ 
matics  point  out  the  phenomenal  savings  made  possible  by  widespread  use 
of  SPEED  NUT  brand  fasteners. 

42c  of  this  total  was  saved  by  reducing  overhead  and  handling  costs.  With 
SPEED  NUTS  on  the  assembly  line,  welding  machines  were  eliminated.  Less  floor 
space  needed.  Less  material  handling.  Easier  final  assembly— and  Vs  of  the  men 
transferred  to  more  productive  work. 

Look  this  report  over  carefully.  Compare  those  direct  labor  and  overhead 
charges  and  then  drop  us  a  line  and  find  out  for  yourself  what  the  SPEED  NUT 
savings  factor  can  do  for  you. 

TINNERMAN  PRODUCTS,  INC.  aioo  FuHon  toad,  Oeveland  1 3,  Ohio 


In  CoMida;  Wolloc*  Barnas  Co.,  ltd., 
HomiHen,  Ontario 

la  fagload;  Simmondt  Aofocattorias. 
Ltd.,  London 


In  Franco;  Aoroconfoiro*  Simmondt, 
S.  A.,  Porit 

h  Awitraira;  Aorocottoriot,  Pty.  Ltd., 
Molbourna 


SHAPES  AND  SIZEf 

*  IrMt  b*  U  t  ta  on 


“J"  Typo  SPEED  NUT 
tnoppod  by  bond 
ovor  odgo  of  ponol. 


Extrution  on 
thort  lag  locht 
nut  to  ponol. 


1001  USES  IN  THE  ELECTRONICS  INDUSTRY 

COAXITUBE 


Th«  new  performance-proved  metal 
shielded  wire  in  which  the  conductor 
and  the  shield  remain  coaxial  in  any 
shape.  Result?  Better  products  .  .  • 
lower  production  costs... less  trouble. 

TAKES  ANY  SHAPE  witliost  losing  its  cooxial 
qooliHos. 

ELIMINATES  ELECTRO-STATIC  PICK-UP,  on- 
wanted  feod-bock  or  spnrions  radiation. 

NO  INJURIOUS  MOISTURE  CONDENSATION 
cansed  by  tomporotare  changes  or  honidity. 

PROnCTION  AGAINST  CORROSION,  abrasion, 
acids,  etc.  afforded  by  solid  shield. 

AVAILABLE  IN  MANY  METALS-alwniiwin, 
copper,  brass  or  nickel. 


6«t  all  of  th*  facts  on  this 
new  development  for  the 
electronics  and  instrument  In¬ 
dustries.  Write  for  your  free 
copy  of  the  booklet  giving 
full  details  on  COAXITUli. 


PRECISION  TUBE  CO 

Factory;  3834-26-38  TERRACI  ST.,  PHILADELPHIA,  PA. 


Copyright  1947 


TUBES  AT  WORK 


(continii.d) 


Fig.  1 — Diode  contact  potential  increases  as 
value  oi  load  resistor  is  increased 

acteristic  for  a  typical  6H6  diode. 
This  curve  should  be  taken  merely 
as  indicalive;  the  exact  voltage  de¬ 
veloped  will  depend  on  several 
factors,  such  as  heater  voltage  and 
the  condition  of  the  cathode.  Other 
rectifiers  will  conform  approxi¬ 
mately  to  this  characteristic. 

In  a  triode,  the  grid  will  demon¬ 
strate  the  same  sort  of  phenomenon, 
since  it  acts  as  a  diode  plate.  It 
has  become  common  practice  to 
operate  high-mu  triodes  as  shown 
in  Fig.  2A,  using  a  high  value  of 
grid  resistance,  and  hence  permit¬ 
ting  the  tube  to  bias  itself.  A  re¬ 
finement  of  this  system  is  to  use 
one  of  the  diodes  of  a  tube  like  a 
6SQ7  to  provide  bias,  as  shown  in 
Fig.  2B.  In  this  case  the  audio 
bypass  capacitor  C  is  necessary  only 
when  the  peak  signal  approaches 
the  bias  voltage. 


Fig.  2  —  Conventional  seli-biaiing  circuit 
used  with  high-mu  triodes  (A).  Diode  sec¬ 
tion  of  duo-diode  triode  is  used  to  furnish 
bias  (B) 

In  a  receiver  with  a  number  of 
r-f  and  i-f  stages,  considerable  sav¬ 
ing  in  cathode  resistors  and  bypass 
capacitors  may  be  achieved  by  the 
use  of  an  initial  diode  bias  on  the 
avc  line,  as  shown  in  Fig.  3.  Two 
diode  sections  are  shown  connected 
in  series  across  the  avc  line  with  an 
avc  decoupling  resistor  of  two 
megohms.  With  a  load  of  one 
megohm  per  diode,  it  can  be  seen 
from  Fig.  1  that  there  will  be  an 
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l-T-E  wire-wound  POWER  RESISTORS 

Standard  fixed  resistors — from  5  to  200  W  atts. 

Adjustable  resistors — from  10  to  200  Watts. 

Chal  resistor  asaemblies,  for  limited  space  require¬ 
ments — from  30  to  75  Watts. 

Ferrule  Resistors,  for  connections  throueh  fuse-clips  in 
installations  where  rapid  insertion  and  removal  is  a 
factor — from  13  to  200  W'atts. 

•  Resistors  for  special  applications  made  to  specifica¬ 
tions.  I-T-E  Power  Resistors  are  made  with  a  normal 
tolerance  of  lO/©.  Tolerances  of  5%  and  less  made  to 
order. 


"DESISTOR  construction  is  too  often  taken  for  granted — but  not  by 
I-T-E!  The  same  care  and  engineering  skill  that  are  applied  in 
making  the  most  complicated  units  of  switchgear  are  also  applied  in 
the  manufacture  of  I-T-E  wire-wound  Power  Resistors.  The  result  is 
a  ruggedly  constructed  resistor  fully  capable  of  meeting  the  most 
critical  conditions  over  a  long  period  of  heavy  usage. 

Complete  information  on  I-T-E  Resistors  is  contained  in  the  new  I-T-E  Resistor  catalog. 
Illustrated  throughout,  it  contains  technical  information,  handy  charts  and  formulas  for 
selecting  resistors,  and  complete  listings  of  I-T-E  sizes  and  ratings.  Send  for  it  today. 


POWER  RESISTORS 


ChJI  I  The  Leader  In  Technical  Excellence 

37  Offices  in  United  States  and  Canada 

I-T-E  CIRCUIT  BREAKER  CO.,  Resistor  Division,  19th  &  Hamilton  Sts.,  Philadelphia  30,  Pa. 
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1001  USES  IN  THE  ELECTRONICS  INDUSTRY 

COAXITUBE 


TUBES  AT  WORK 


(continu*d) 


The  new  performance>proved  metal 
shielded  wire  in  which  the  conductor 
and  the  shield  remain  coaxial  in  any 
shape.  Result?  Better  products  •  •  • 
lower  production  costs... less  trouble. 

TAKES  ANY  SHAPE  withost  losing  its  coaxial 
qoolitios. 

ELIMINATES  ELECTRO-STATIC  PICK-UP,  an- 
wantod  food-back  or  sporioos  radiation. 

NO  INJURIOUS  MOISTURE  CONDENSATION 
cansed  by  temperatore  changes  or  knniidity. 

PROnCTiON  AGAINST  CORROSION,  abrasion, 
acids,  otc.  afforded  by  solid  shiold. 

AVAILABLE  IN  MANY  METALS-alominom, 
copper,  brass  or  nickel. 

G«t  all  of  tho  facts  on  tills 
now  dovolopmont  for  tho 
oloctrenics  and  instnimont  In¬ 
dustries.  Write  for  your  free 
copy  of  the  booklet  pivinp 
full  details  on  COAXITUtl. 


FRECISION  TUBE  CO. 

Factory:  3834-26.28  TERRACE  ST.,  PHILADELPHIA,  PA. 


Fig.  1 — Diode  contact  potential  increases  as 
Talue  oi  load  resistor  is  increased 

acteristic  for  a  typical  6H6  diode. 
This  curve  should  be  taken  merely 
as  indicative ;  the  exact  voltage  de¬ 
veloped  will  depend  on  several 
factors,  such  as  heater  voltage  and 
the  condition  of  the  cathode.  Other 
rectifiers  will  conform  approxi¬ 
mately  to  this  characteristic. 

In  a  triode,  the  grid  will  demon¬ 
strate  the  same  sort  of  phenomenon, 
since  it  acts  as  a  diode  plate.  It 
has  become  common  practice  to 
operate  high-mu  triodes  as  shown 
in  Fig.  2A,  using  a  high  value  of 
grid  resistance,  and  hence  permit¬ 
ting  the  tube  to  bias  itself.  A  re¬ 
finement  of  this  system  is  to  use 
one  of  the  diodes  of  a  tube  like  a 
6SQ7  to  provide  bias,  as  shown  in 
Fig.  2B.  In  this  case  the  audio 
bypass  capacitor  C  is  necessary  only 
when  the  peak  signal  approaches 
the  bias  voltage. 
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Fig.  2  —  Conventional  seli-biaaing  circuil 
used  with  high-mu  triodes  (A).  Diode  sec¬ 
tion  oi  duo-diode  triode  is  used  to  iumish 
bias  (B) 

In  a  receiver  with  a  number  of 
r-f  and  i-f  stages,  considerable  sav¬ 
ing  in  cathode  resistors  and  bypass 
capacitors  may  be  achieved  by  the 
use  of  an  initial  diode  bias  on  the 
avc  line,  as  shown  in  Fig.  3.  Two 
diode  sections  are  shown  connected 
in  series  across  the  avc  line  with  an 
avc  decoupling  resistor  of  two 
megohms.  With  a  load  of  one 
megohm  per  diode,  it  can  be  seen 
from  Fig.  1  that  there  will  be  an 

October.  1947  —  ELECTRONICS 


fr?  & 


l-T-E  wire-wound  POWER  RESISTORS 

Standard  fixed  resistors — from  5  to  200  Watts. 

Adjustable  resistors — from  10  to  200  Watts. 

Chal  resistor  as»emblies,  for  limited  space  require¬ 
ments — from  30  to  75  Watts. 

Ferrule  Resistors,  for  connections  through  fuse-clips  in 
installations  where  rapid  insertion  and  removal  is  a 
factor — from  13  to  200  Watts. 

•  Resistors  for  special  applications  made  to  specifica¬ 
tions.  I-T-E  Power  Resistors  are  made  with  a  normal 
tolerance  of  10^©.  Tolerances  of  5%  and  less  made  to 
order. 


TJESISTOR  construction  is  too  often  taken  for  granted — but  not  by 
I-T-E!  The  same  care  and  engineering  skill  that  are  applied  in 
making  the  most  complicated  units  of  switchgear  are  also  applied  in 
the  manufacture  of  I-T-E  wire-wound  Power  Resistors.  The  result  is 
a  ruggedly  constructed  resistor  fully  capable  of  meeting  the  most 
critical  conditions  over  a  long  period  of  heavy  usage. 

Complete  information  on  I-T-E  Resistors  is  contained  in  the  new  I-T-E  Resistor  catalog. 
Illustrated  throughout,  it  contains  technical  information,  handy  charts  and  formulas  for 
selecting  resistors,  and  complete  listings  of  I-T-E  sizes  and  ratings.  Send  for  it  today. 


POWER  RESISTORS 
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AMRECON 

Telephone  Type 

RELAYS 


.A.nirecon's  technical  knowledge  of  practice 
relay  application  simplifies  your  own  control  re¬ 
quirement  problems.  Our  new  modern  plant 
is  now  in  full  operation  and  we  can  offer  you 
prompt  delivery  and  even  greater  service. 

Write  for  our  informative  illustrated  Bulletin 
listing  our  many  products,  describing  the  scope 
of  our  manufacturing  facihties,  and  the  wide 
extent  of  our  services.  Your  inquiry  will  receive 
prompt  attention. 


ENGINEERING  ''KNOW-HOW' 


Offices  in  principal  cities 

American  Heiay  d  Controls,  Inc. 

2555  DIVERSEY  AVE.  •  CHICAGO  47,  ILL. 


Fig.  3 — IniUol  diode  bios  on  arc  Uno  sotm 
copacitora  and  resietore  in  r-i  and  {.{ 
cathode  circuita.  also  prorldea  threshold 
Toltage  for  delayed  cnrc 

initial  bias  on  the  r-f  and  i-f  tubes 
of  0.8  volt  per  diode  or  1.6  volts 
total,  which  is  more  than  enough 
for  most  modern  tubes.  In  the 
circuit  shown,  the  1.6  volts  fur¬ 
nished  by  the  series  diodes  acts  as 
delayed  avc  threshold  voltage.  If 
more  bias  and/or  more  avc  delay  is 
desired,  a  second  double  diode  may 
be  connected  in  series  with  the 
first.  It  may  be  noted  that  one  of 
the  diodes  of  the  duo-diode  triode 
is  used  for  triode  bias  in  this  cir¬ 
cuit. 

In  a  diode  detector,  the  major 
source  of  distortion  apparently  lies 
in  the  fact  that  the  d-c  load  and  the 
audio  load  on  the  diode  are  not 
equal.  In  a  typical  circuit  shown 
in  Fig.  4A,  the  d-c  load  consists  of 
R,  and  Rt  in  series.  For  audio  fre- 


AVC  LINE  2  MEG] 


I  4^  ^3 

(A)  - 


t,— J  TO  GRID 

of  next  STAS 
R,  R,  10  MEG  I 


Fig.  4  —  ConTentional  detector-arc  dmit 
uses  common  diode  (A).  To  minimise  di- 
tortion,  separate  detector  and  arc  diod* 
are  combined  with  contact-potential  bioi 
circuit  (B) 

quencies,  however,  there  is  the  ad¬ 
ditional  load  of  Rt  plus  the  effect  of 
in  parallel  with  whatever  part  of 
Rt  is  in  use.  Common  practice  is 
to  make  Rt  as  high  as  possible,  usu- 
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A  Type  ATV*  Television  Lead-In  Line 
Can  Make  All  the  Difference 


Anaconda  Type  ATV  lead-in  lines  are  playing  an 
important  part  in  helping  to  give  television  buyers  the 
kind  of  reception  they  w  ant. 

The  well  balanced  design  of  conductors  and  dielec¬ 
tric  in  ATV  lead-in  lines  minimizes  the  effects  of 
attenuation  and  impedance  mismatch.  Satin-smooth 
polyethylene  insulation  sheds  water  readily  —  thus 
avoiding  subsequent  impedance  discontinuities. 

ATV  line  fulfills  the  most  exacting  requirements  of 
wide-band  reception  —  providing  maximum  freedom 
from  distortion.  Television  buyers  expect  a  lot.  See  that 
an  ATV  lead-in  line  helps  your  set  to  deliver  I  4T4C2 


A  Type  ATV  Lead-In  Line  for  ivery  Need 

Anaconda  offers  a  complete  selection  of  Type  ATV 
lead-in  lines  for  75,  125,  150  and  300  ohms  impe¬ 
dance  unshielded  and  150  ohms  shielded.  For  an 
electrical  and  physical  characteristics  bulletin,  write 
to  Anaconda  Wire  and  Cable  Company,  25  Broad¬ 
way,  New  York  4.  New  York.  Also,  write  for  the 
characteristics  of  the  complete  line  of  Anaconda 
coaxial  cables. 


ANACONDA  WIRE  AND 


CABLE  COMPANY 

*  An  Anaconda  Trade*Uartt 
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3000  revolutions  per  ttrtimte  or  more, 
when  a  cast  is  executed.  These  gears  nuisl  also 
withstand  the  strain  of  hauling  in  a  fighting  fish  of 
unpredictable  size  and  strength,  thus  rendering  a  dual 
purpose:  speed  and  velvety  smoothness  in  one 
direction— strength  and  durability  in  the  other. 

Instruments  and  machines  have  individual  gear 
problems.  For  over  a  quarter  of  a  century,  Quaker 
City  Gear  Works  has  solved  thousands  of  them 
and  produced  millions  of  gears  of 
every  description  up  to  60“  in  diameter 
for  manufacturers  in  many  diversified  industries. 

Aircraft  controls,  dental  drills,  electric  clocks, 
gauges,  indicators,  heat  controls,  machine-tools, 
radar,  radios,  washing  machines  and  motion  picture 
projectors  are  hut  a  few  of  the  many  conveniences 
of  modern  progress  which  depend  upon  the 
heartbeat  of  Quaker  City  Gears.  Your  gear  problem 
is  our  business,  our  large  productive 
capacity  is  at  your  service. 

YOUR  INQUIRIES  WILL  RECEIVE  PROMPT  ATTENTION 

:  C  out  and 

:  forced " 

uakei  City  Gear  Works 

^  INCORPORATED 


TUBES  AT  WORK  (continu.d)  - 

ally  about  10  megohms.  This  is  in 
keeping  with  the  use  of  contact  po¬ 
tential  bias  in  a  high-mu  triode. 
R»  is  made  as  high  as  is  permissable 
for  use  in  the  grid  circuit  of  the  r-f 
and  i-f  tubes.  This  value  is  usually 
limited  to  2  megohms,  representing 
a  somewhat  more  serious  load  on 
the  diode.  Distortion  from  this 
source,  that  is,  the  audio  load  of 
the  avc  decoupling  resistor,  may  be 
eliminated  by  the  use  of  a  separate 
diode  as  avc  rectifier,  as  was  com¬ 
mon  practice  several  years  ago. 

A  simple  form  of  delayed  avc  may 
be  realized  in  this  manner  by  bias¬ 
ing  this  diode  so  that  it  will  not 
conduct  until  the  avc  threshold  has 
been  reached.  The  disadvantage  of 
this  method  is  that  with  signals  of 
the  same  order  of  magnitude  as 
this  threshold,  the  avc  voltage  will 
be  dependent  upon  the  modulation. 
With  normal  modulation  percent¬ 
ages  this  effect  is  not  too  serious. 

A  separate  avc  rectifier  lends  it¬ 
self  to  use  with  contact  potential 
bias  as  shown  in  Fig.  4B.  In  this 
case,  since  R,  is  returned  to  the 
negative  bias  voltage,  R^  will  have 
to  be  returned  to  a  point  several 
volts  positive  with  respect  to  the 
cathode  so  that  the  diode  will  not 
be  cut  off. 

A  number  of  combinations  sug¬ 
gest  themselves  in  assembling  a 
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± 

Si  MEG  <IMEG 
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^  6H6  I  ^ 
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CORPORA 

1910  N.  Front  Street,  Philadelphia  22,  Pa. 


Fig.  5 — Additional  avc  delay  may  be  had 
by  increasing  value  oi  R  (A).  Maximum 
limpliciiy  and  economy  oi  parts  are 
achieved  by  use  of  one  diode  section  for 
both  audio  grid  bias  and  r-f  and  i-f  bias  (B) 
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WILCOX 

First  Choice  of  The  ' 
Great  Silver  Fleet 


Write  Today  for  complete 

INFORMATION  AND  SPECIFICATIONS 


mm 
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New  Features  Offered  in  the 
118-1  Me.  Band  by  the  Wilcox 
Type  361A  Communications  System 

•  UNIT  CONSTRUCTION  FOR  EASE 
IN  HANDLING 

The  50  watt  transmitter,  high  sensitivity  receiver, 
and  compact  power  supply  are  each  contained 
in  -a  separate  '/2  ATR  Chassis.  Any  unit  may  be 
readily  removed  ■from  the  common  mount  for 
inspection.  Individual  units  are  light  In  weight, 
small  in  size,  and  easily  handled. 

•  70  CHANNELS  COVER  PRESENT 
AND  FUTURE  NEEDS 

Both  the  receiver  and  transmitter  contain  a  fre¬ 
quency  selector  mechanism  with  provisions  for 
70  small  hermetically  sealed  crystals.  Selection  of 
the  crystals  automatically  adjusts  the  radio  fre¬ 
quency  amplifiers  and  harmonic  generator  circuits 
to  operate  at  their  maximum  performance  for 
each  selected  frequency.  Either  simplex  or  cross¬ 
band  operation  may  be  obtained. 

•  SIMPLICITY  OF  CIRCUIT  DESIGN 
MEANS  EASY  MAINTENANCE 

Simple,  conventional  circuits  minimize  the  num¬ 
ber  and  types  of  tubes,  and  require  no  special 
training  or  techniques  for  adjustment.  All  com¬ 
ponents  are  accessible  for  routine  inspection  and 
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An  electronic  ticket  Tender  in  Philadelphia 
sells  15,000  suburban  tickets  a  month; 
saves  an  estimated  50  to  60  percent  of 
personal  selling  costs  for  Penn  RR 
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7^ta4M/aCeene^  o<  radio  phonograph 
|/  eqvupment  have  long 

dreamed  of  a  tone  arm  cartridge  .  .  .  relatively 
inexpensive  .  .  .  that  would  provide  constant,  true, 
quiet  reproduction  .  .  .  simplify  replacement 
service  .  .  .  and  insure  customer  good  will  and 
satisfaction.  Astatic's  new  "QT"  Crystal  Pickup 
Cartridge  is  such  a  dream  come  true. 

Here  is  a  genuine  crystal  cartridge  designed  spe¬ 
cifically  for  home  record  players  ...  a  cartridge 
which  employs  a  matched,  replaceable  needle 
of  unique  design,  with  guarded  sapphire  or  pre¬ 
cious  metal  tip.  Reasonably  high  in  output,  the 
"QT"  Cartridge  requires  no  expensive  equalizer 
or  tubes,  thereby  lowering  both  manufacturer 
assembly  and  customer  replacement  service  costs. 
For  quiet  faithful  reproduction,  freedom  from  nee¬ 
dle  talk,  relatively  high  output,  excellent  tone 
range,  record  protection  and  all  around 
economy.  Astatic's  new  "QT"  Cartridge 
is  today  the  talk  of  the  trade. 


TUBES  AT  WORK  (contln  .d) 

practical  circuit.  The  double-diide 
triode  can  be  used  together  with 
another  double  diode  as  in  Fig.  5A. 
Here,  the  triode  is  convention? !ly 
biased  and  any  additional  avc  delay 
desired  may  be  achieved  by  in¬ 
creasing  the  value  of  the  resistor  R. 
A  circuit  similar  to  that  in  Fig.  3 
may  be  used  with  an  additioaal 
double  diode,  of  which  one  section 
can .  be  the  avc  rectifier  and  the 
other  section  can  be  put  in  series 
with  the  bias  diodes  to  provide  ad¬ 
ditional  bias  and  delay  voltage.  A 
system  using  one  diode  for  both 
audio  grid  bias,  and  as  part  of  the 
r-f  and  i-f  bias,  is  shown  in  Fig.  5B. 
This  circuit  makes  use  of  all  the 
j  considerations  put  forth  in  this 
paper,  and  represents  what  is  prob- 
'  ably  the  maximum  in  simplicity  and 
i  economoy  of  parts. 

In  using  any  of  these  diode  bias¬ 
ing  systems,  it  should  be  remem¬ 
bered  that  the  contact  potential 
will  vary  widely  with  change  in 
heater  voltage,  and  should  be  used 
!  for  bias  in  circuits  where  stability 
i  is  important  only  when  the  circuit 
I  is  balanced.  Examples  may  be 
I  found  in  some  vacuum-tube  volt¬ 
meters  where  the  contact  potential 
of  the  diode  used  as  rectifier  is  bal¬ 
anced  by  that  of  a  second  diode. 

I  Another  source  of  bias  has  been 
I  suggested  which,  while  it  does  not 
I  use  diodes,  is  rathtr  interesting. 
I  A  number  of  photronic  cells,  con- 
!  nected  in  series  and  illuminated  by 
j  a  single  pilot  lamp,  provide  a  signif- 
I  icant  bias  voltage  with  a  fairly  low 
internal  impedance. 


TICKET  SELLER 


Corporation 


CONNSAUr  OHIO 

Aiiaitc  Ciysial  Dsvieet  MoBuloouied 
under  Btuth  Devtlcpakeat  Co  palonts 


NEW  DESIGN:  Waldes  Truarc  rings  provide  positive  seal  up  to 
3000  P.S.I.  for  plugs  without  threads.  Changeover  eliminated  two 
milling,  ten  topping  operations.  Result  —  inexpensive  sealing. 


ELECTROL  POWERPAK:  A  complete  hydraulic  power  system  used 
for  controlling  flaps  and  landing  gear  in  aircraft— originally  con¬ 
fined  fluid  with  threaded  pipe  plugs.  Result — expensive  sealing. 


Redesign  with  Waldes  Truarc  rings  not  only  saved 
xis  65  cents  a  unit  and  6V^  minutes  production  time, 
it  made  a  more  compact  and  finer  product-reports 
Electrol,  Inc.,  of  Kingston,  N.  Y.  Truarc  helped  cut 
4  ounces  a  unit,  eliminated  milling  and  tapping, 
allowed  switching  from  skilled  to  semi-skilled 
labor.  Maintenance  was  cut  more  than  a  half. 

Redesign  with  Truarc,  and  you  will  cut  costs 
amd  increase  production,  too.  Wherever  you  use 
machined  shoulders,  nuts,  bolts,  snap  rings,  cotter 
pins— there's  a  Truarc  ring  that  does  a  better  job 
of  holding  parts  together.  All  Waldes  Truarc  retain¬ 
ing  rings  are  precision  engineered,  easy  to  assem¬ 
ble  and  disassemble,  always  circular  to  give  a 
never-failing  grip.  They  can  be  used  over  and  over 
again.  Send  us  your  problem.  Waldes  Truarc  engi¬ 
neers  will  be  glad  to  show  how  Truarc  can  help  you. 


SAVING 

•  Eliminate  2  milling  operations  .  .  $.10 

•  Replace  10  tapping  operations 

with*grooves . 15 

•  Increase  accuracy  of  mating  parts  .03 

•  Replace  pipe  plugs  with  plugs 

made  in  automatics . 16 

•  Cut  plug  assembly  time  over  50%  .15 

•  Reduce  production  test  time  .  .  .  .06 


Total  savings  per  unit 


•  Send  for  now  Truarc  booklotf 
"Now  Dovolopmont  In  Retaining  Rings'^ 


Waldet  Kohinoor,  Inc.,  47-10  Austel  Plac« 

Long  Island  City  1,  N.  Y. 

Please  send  booklet,  "New  Development  In  Retaining 
Rings"  to: 


Name. 


Company. 


RETAINING  RINGS 

WALDES  KOHINOOR,  INC.,  LONG  ISLAND  CITY  I,  NEW  YORK 
Canadian  Rep..  Controlite  Engineering  &  Sales  Ltd.,  20  Blooi  Street  W.,  Toronto  5 


Business  Addres) 
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FIG.  1 — Th*  top  two  drcuits  illustrot*  I 
common  types  of  direct  coupling;  the  lower  I  f 
one  shows  cm  improred  method  I 

beyond  satisfactory  operating  lim¬ 
its.  Were  common  cathode  resistors 
used,  the  effect  would  be  decreased, 
but  would  not  be  eliminated. 

Difficulty  of  adjustment  and  the 
passing  on  of  drift  voltages  can  be 
eliminated  by  the  circuit  of  Fig. 

1C.  The  amplifier  consists  of  a 
series  of  independent  stages  linked 
with  only  two  connections  (shown 
dotted).  One  connection  carries 

the  signal ;  the  other,  the  reference  j  1 
voltage.  To  keep  each  stage  sepa-  ■ 
rate,  individual  power  supplies  are 
used.  Only  one  side  of  each  stage  I 
carries  the  signal,  the  other  being  I 
to  cancel  drift  voltages.  Any  drift  J 
affecting  both  tubes  of  a  stage  I 

equally  will  not  produce  a  change  1 
in  voltage  at  the  coupling  out  of  m 

that  stage.  I 

Circuit  Behavior 

Because  only  one  channel  of  the  I 
'  balanced  amplifier  carries  signal,  f  j 
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ALBANY:  Fort  Orange 
Radio  Distributing  Co. 

BALTIMORE:  Radio  Electric  Service  Co 
BOSTON:  The  Radio  Shack  Corp. 
BUFFALO:  Radio  Equipment  Corp. 
CHICAGO:  Walker-Jimieson  Inc. 
CINCINNATI:  United  Radio  Inc. 
CLEVELAND;  Radio  &  Electronic 
Parts  Corp. 

DETROIT:  Radio  Specialties  Co. 
HARTFORD:  Hatry  &  Young 
HOLLYWOOD;  Norman  B.  Neely 
Enterprises 

HOUSTON:  Geophysical  Supply  Co. 

LOS  ANGELES;  Leo  J.  Meyberg  Co. 
MILWAUKEE;  Radio  Parts  Co  Inc. 
NASHVILLE:  Electro  Distributing  Co. 
NEWARK:  Aaron  Lippman  &  Co. 

NEW  ORLEANS;  Radio  Parts.  Inc. 

NEW  YORK:  E.  B.  Latham  &  Co. 
NORFOLK:  Radio  Supply  Co. 
PHILADELPHIA;  Rumsey  Electric  Co. 
PITTSBURGH:  Cameradio  Co. 
PORTLAND:  Magneon  Co. 

ST.  LOUIS:  Van  Sickle  Radio  Co. 

SAN  FRANCISCO:  Leo  J.  Meyberg  Co. 
Norman,  B.  Neely  Enterprises 
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First-rate  PARTS 

mean  first-rate 

EQUIPMENT 


9  The  XOA  Socket  for  Miniature  Button  7-pin  bases 
is  mode  of  low-loss  mica-filled  bokelite.  It  mounts 
with  two  4-40  screws.  Terminals  for  the  Type  XOA 
extend  oxiolly  from  the  socket.  Type  XOR  is  identical 
to  Type  XOA,  but  has  terminals  extending  radially. 
Short  heavy  terminals  reduce  contact  inductance, 
lower  effective  capacity  between  terminals  reduces 
circuit  capacity. 


if  you're  planning  to  build  the  type  of 
precision-built  equipment  that  will  sell  in 
today’s  competitive  market,  it  will  pay  you 
to  order  National  parts. 

Through  long  practical  experience  manu¬ 
facturers,  engineers  and  laboratory  re¬ 
search  workers  have  all  found  that 
National  parts  can  be  relied  upon  for 
dependability  and  long  life. 

If  you  need  good  material  and  exacting 
workmanship  in  your  parts,  see  your 
nearest  National  dealer  today. 


XOA  Type  Socket. 


XOR  Type  Socket. 
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#  The  XOA  Socket  for  Miniature  Button  7-pin  bases 
is  mode  of  low-loss  mica-filled  bokelite.  It  mounts 
with  two  4-40  screws.  Terminals  for  the  Type  XOA 
extend  axially  from  the  socket.  Type  XOR  is  identical 
to  Type  XOA.  but  has  terminals  extending  radially. 
Short  heavy  terminals  reduce  contact  inductance, 
lower  effective  copocity  between  terminals  reduces 
circuit  copocity. 

XOA  Type  Socket . Net  Pries . $  .30 

XOR  Type  Socket . Net  Price . $  .30 


9  The  XOS  lube  shield  is  a 
two-piece  shield  for  Miniature 
Button  7-pin  base  tubes.  It 
mounts  with  the  XOA  or  XOR 
socket  and  is  available  in 
three  sizes.  XOS-1  (1-3/16" 
high).  XOS-2  (I 'A"  high),  and 
XOS-3  (2"  high). 


XOS-1  Shield 

Net  Price . $  .48 

XOS-2  Shield 

Net  Price . $  .48 

XOS-3  Shield 

Net  Price . $  .48 


First-rate  PARTS 

mean  first-rate 

EQUIPMENT 


If  you're  planning  to  build  the  type  of 
precision-built  equipment  that  will  sell  in 
today's  competitive  market,  it  will  pay  you 
to  order  National  parts. 

Through  long  practical  experience  manu¬ 
facturers,  engineers  and  laboratory  re¬ 
search  workers  have  ail  found  that 
National  parts  can  be  relied  upon  for 
dependability  and  long  life. 

If  you  need  good  material  and  exacting 
workmanship  in  your  parts,  see  your 
nearest  National  dealer  today. 

national 

_  • 

Company,  Inc. 

Depi.  Ho.  10 
Jlialden,  nasi. 


Special  price  quotations  may  be  obtained  for  bulk  orders. 
Please  write  for  further  information. 


0  XR-50  coil  forms  moy  be 
wound  os  desired  to  provide 
a  permeability  tuned  coil. 
The  form  winding  length  is 
11/16"  ond  the  form  wind¬ 
ing  diameter  is  ^h." .  The 
iron  slug  is  diameter 

by  long. 


#  The  AR-2  and  AR-5  coils  or* 
high  Q  permeability  tuned  RF 
coils.  The  AR-2  coil  tunes  from 
75  me  to  220  me  and  the  AR-5 
coil  tunes  from  37  me  to  110 
me  with  suitable  capacitors. 


MAKERS 


LIFETIME  RADIO  EQUIPMENT 
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ALBANY:  Fort  Orange 
Radio  Distributing  Ca. 

BALTIMORE:  Radio  Electric  Service  Co 
BOSTON:  The  Radio  Shack  Corp 
BUFFALO:  Radio  Equipment  Corp 
CHICAGO:  Walker-Jimieson  Inc. 
CINCINNATI;  United  Radio  Inc. 
CLEVELAND:  Radio  &  Electronic 
Parts  Corp. 

DETROIT:  Radio  Specialties  Co. 
HARTFORD:  Hatry  &  Young 
HOLLYWOOD:  Norman  B.  Neely 
Enterprises 

HOUSTON:  Geophysical  Supply  Co. 
LOS  ANGELES;  Leo  J.  Meyberg  Co. 
MILWAUKEE:  Radio  Parts  Co.  Inc. 
NASHVILLE:  Electro  Distributing  Co. 
NEWARK:  Aaron  Lippman  &  Co. 

NEW  ORLEANS:  Radio  Parts.  Inc. 

NEW  YORK:  E  B.  Latham  &  Co. 
NORFOLK:  Radio  Supply  Co. 
PHILADELPHIA;  Rumsey  Electric  Co. 
PITTSBURGH;JIameradio  Co. 
PORTLAND:  Magneon  Co. 

ST.  LOUIS:  Van  Sickle  Radio  Co. 

SAN  FRANCISCO;  Leo  J.  Meyberg  Co 
Norman  B.  Neely  Enterprises 
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FIG.  1 — Th«  top  two  circuits  ill\utrat« 
common  types  oi  direct  coupling:  the  lower 
one  shows  an  improved  method 

beyond  satisfactory  operating  lim¬ 
its.  Were  common  cathode  resistors 
used,  the  effect  would  be  decreased, 
but  would  not  be  eliminated. 

Difficulty  of  adjustment  and  the 
passing  on  of  drift  voltages  can  be 
eliminated  by  the  circuit  of  Fig. 
1C.  The  amplifier  consists  of  a 
series  of  independent  stages  linked 
with  only  two  connections  (shown 
dotted).  One  connection  carries 
the  signal;  the  other,  the  reference 
voltage.  To  keep  each  stage  sepa¬ 
rate,  individual  power  supplies  are 
used.  Only  one  side  of  each  stage 
carries  the  signal,  the  other  being 
to  cancel  drift  voltages.  Any  drift 
affecting  both  tubes  of  a  stage 
equally  will  not  produce  a  change 
in  voltage  at  the  coupling  out  of 
that  stage. 

Circuit  Behavior 

Because  only  one  channel  of  the 
balanced  amplifier  carries  signal, 
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IARGE  additions  to  equipment  during  the 
a  war,  and  especially  since  VJ  Day,  have 
provided  Formica  with  by  far  the  largest 
capacity  in  the  industry  for  manufacturing 
insulating  sheets,  tubes  and  rods,  and  for 
fabricating  them  to  your  blue  prints. 

The  tremendous  backlog  built  up  during  the 
post  war  order  boom  has  been  whittled 
down  and  service  and  deliveries  are  now 
normal  on  electrical  material.  And  that 
means  good  service,  with  a  uniform  high 
quality  material,  accurately  machined  where 
machining  is  required. 


4661  Spring  Grove  Avenue,  Cincinnati  32,  Ohio 
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COMPLETE  FABnCMING  EQUIPMENT 
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Andrew  Coaxial  Transmission  Line  [ 
i/Andrew  Installation  of  Line  and  Antenna  W 


At  FM  frequencies,  transmission  lines  are  tricky. 

That’s  why  broadcasters  who  value  reliability  buy 
ANDREW  transmission  lines.  Having  bought  the  best,  they 
find  it  good  business  to  have  Andrew  engineers  install  it. 

ANDREW  field  crews  are  supervised  by  radio  engineers 
of  long  experience,  because  we  believe  that  steeplejacks 
alone  cannot  properly  install  transmission  lines,  antennas, 
and  lighting  equipment.  If  you  prefer  to  employ  your  own 
workmen,  we’ll  gladly  furnish  a  supervisory  engineer. 

ANDREW  coaxial  transmission  line,  and  installation 
service,  may  be  purchased  directly  from  the  factory;  or 
through  any  FM  transmitter  manufacturer.  If  you  buy  an 
FM  package,  be  sure  to  specify  ANDREW. 


J.  M.  Troesch  of  WSTV  is  one  of 
.many  satisfied  ANDREW  customers. 
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FIG.  2 — ^Four  stage  directly  coupled  ampU- 
lier  is  stabilised  agoiqet  drifts 

no  special  shielding  or  placement 
of  parts  is  necessary  in  the  non¬ 
signal  channel.  Furthermore  there 
can  be  no  interaction  between  a 
nonsignal  half  of  a  stage  and  any 
other  stage,  or,  because  no  common 
cathode  resistor  is  used,  between 
nonsignal  and  signal  halves  of  a 
single  stage.  As  a  result  the  non¬ 
signal  halves  of  the  stages  can  be 
adjusted  without  affecting  the  rest 
of  the  amplifier,  and  once  it  is  ad¬ 
justed,  that  half  of  the  amplifier 
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can  be  forgotten.  (It  is  assumed 
that  there  is  no  grid  current  in 
the  signal  channel.  If  there  is  grid 
current,  low  plate  loads  can  mini¬ 
mize  its  effect.) 

Because  it  is  impractical  for 
components  of  both  channels  to 
exactly  correspond,  some  adjust¬ 
ment  is  necessary.  Fortunately  ad¬ 
justment  of  grid  bias  in  the  first 
sta'ge  will  satisfactorily  correct  all 
succeeding  stages.  If  correspond¬ 
ing  components  of  both  channels 
are  closed  matched,  changes  in  grid 
bias  from  such  a  single  adjustment 
will  not  move  the  tubes  out  of  op¬ 
erating  limit. 

Figune  2  shows  a  four  stage  ver¬ 
sion  of  this  type  amplifier ;  filament 
wiring  and  battery  disconnects  are 
omitted.  The  voltage  gain  is  about 
10,000.  A  final  amplifier  stage  (not 
shown)  has  been  used  to  bring  the 
over-all  amplification  to  either  250,- 
000  or  1,000,000. 

Two  variable  resistors  in  the 
cathode  circuit  if  the  first  stage 
provide  balancing  adjustment. 
Cathode  degeneration  is  reduced  by 
using  bleeder  resistors.  A  stepped 
gain  control  is  introduced  between 
the  second  and  third  stages  that 
does  not  destroy  amplifier  balance 
or  drift  cancelation.  The  capaci¬ 
tors,  by  lowering  a-c  impedance  be¬ 
tween  power  supplies,  prevents  os¬ 
cillation.  A  dual  type  tube  was 
chosen  for  the  first  stage  as  the  two 
sections,  being  in  the  same  enve¬ 
lope,  are  more  apt  to  be  subjected 
to  the  same  changes.  Because  of 
the  high  gain,  battery  power  is 
used  to  avoid  hum.  Medium  size 
B-batteries  (Burgess  No.  5308) 
have  shown  a  surprisingly  long 
life.  A  6- volt  storage  battery  sup¬ 
plies  the  heater  current.  The  final 
stage  can  be  operated  from  an  a-c 
powered  supply. 

Construction  and  Performance 

Two  amplifiers  were  constructed 
using  standard  parts.  Resistors 
were  of  the  ordinary  metallized  va¬ 
riety,  each  one  in  the  signal’chan- 
nel  being  matched  to  within  two 
percent  of  the  corresponding  one 
in  the  nonsignal  side.  To  obtain 
the  necessary  fineness  of  adjust¬ 
ment,  the  8-ohm  vernier  was  a 
specially  made  spiral  slide  wire. 
Signal-carrying  wiring  was  kept 
isolated  from  other  parts  where 


Custom- Engineered  Transformers? 


MORE  THAN  30,000  DIFFERENT  DESIGNS  of 
transformers  have  been  engineered  and  built  by  the 
Transformer  Department  of  Raytheon.  The  units 
illustrated  are  a  small  selection  from  the  range  of 
types  and  capacities  produced. 

All  transformers  for  the  famous  SG  and  SO  Radar 
equipment  .  .  .  employed  under  a  variety  of  service 
conditions  in  all  parts  of  the  world  .  .  .  were  designed 
and  built  by  Raytheon.  Many  thousands  of  other 
transformers  have  also  been  designed  and  built  to 
government  specifications  for  military  service. 

Raytheon  employs  a  large  engineering  staff, 
maintains  a  model  shop  for  producing  sample  units, 
and  is  building  custom-engineered  magnetic  com¬ 
ponents  to  meet  the  specific  service  requirements  of 
large  and  small  manufacturers  of  electrical  and  elec¬ 
tronic  apparatus. 

Voar  inquiry  it  invittd.  Detailed  informa¬ 
tion  on  your  requiremente  will  receive  the 
prompt  attention  of  our  transformer  engi¬ 
neers.  Address  Dept.  47SO-A 


j  rr* 

'  RAYTHEON  MANUFACTURING  COMPANY 
COMMERCIAL  PRODUCTS  DIVISION 
WALTHAM  54,  MASSACHUSETTS 

Industrial  and  Commercial  Electronic  Equipment,  J 
Broadcast  Equipment,  Tubes  and  Accessories  a 
Soles  Offices.  Atlanta,  Boston,  Chicago,  M 
Cleveland  New  York  U 
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fOR  TROUBIE-FREI  WIRE  PERFORMANCE 

125  Permanently  Insulated  ROCKBESTOS  Wires,  Cables  and  Cords 


1  3  4  5 


4  5 


From  the  three  basic  designs  illustrated  Rwkbestos  has 
develo|)ed  a  complete  line  of  Ho  failure  resisting  wires, 
cables  and  cords,  a  few  of  which  are  described.  All  have 
the  same  j)erformance  guaranteeing  characteristics  de¬ 
tailed  Ijelow.  Write  for  information  or  samples. 

Ipckbcttot  n*rmQn«nt  Insulation  Intwros  Leng-Livod  Sorvico 

1  tou^h  impregnated  asbestos  braid,  resistant  to  heat,  flame, 
moisture,  oil,  grease,  alkalies  and  corrosive  fumes. 

2  Felted  asbestos  insulation  impregnated  with  heat,  flame  and 
moisture  resistant  compounds  will  not  dry  out  with  age,  burn,  or 
bake  brittle  under  high  temperatures. 

3  Lubricaterl  varnished  cambric  for  high  dielectric  .strength  and 
added  moisture  resistance  —  protected  from  heat,  flame  and 
oxiilation  by  felted  asbestos  walls. 

4  Impregnated  a.sbestos  insulation  that  withstands  heat  of  over¬ 
loads  and  aging  and  won’t  bec»>me  brittle,  crack,  rot  or  burn. 

5  Conductors  are  perfectly  centered  in  helically  applied  non¬ 
flowing  insulation  anij  will  always  remain  so. 


ROCKBCSTOS  MJ.-ASBESTOS  APPUANCE  LEAD  WIRE 

Sittt  So.  8  to  W  AWG  solid  or  stranded  copper,  monel  or 
mciel  eductors  insulated  with  JOSI"  or  OJfi'  of  im¬ 
pregnated  felted  asiiestos  in  black,  while  or  colors. 

Whether  you  make  waffle  irons,  hot-plates, 
small  motors,  ranges,  water  heaters,  radios, 
ovens  or  blueprint  machines,  we  can  give  you 
an  asbestos  lead  wire  made  to  fit  the  electrical 
and  mechanical  requirements  of  your  product. 


jl4IW4HMfarmJMi  . . . 


ROCKBESTOS  A.V.C.  600  VOLT  MOTOR  LEAD  CABLE 

(National  Elwtrical  Code,  Type  .\V.\) 

Sue  So.  18  A  H’O’  to  1 ,000,000  CM  insulated  u-itfi  tieo  ualls 
Ilf  imirregnated  asbestos  and  a  high-di^ectric  varnished 
cambric  insert,  with  a  heavy  asbestos  braid  overall. 

Use  this  apparatus  cable  for  coil  connections, 
motor  and  tran.sformer  leads  exposed  to  over¬ 
loads  or  high  ambient  tempenitures.  It  makes 
a  |)ermanent  installation  as  it  is  resi.stant  to 
beat,  Hame,  oil,  grea.se  and  moisture. 


ROCKBESTOS  A.V.C.  600  VOLT  SWITCHBOARD  WIRE 

(National  Electrical  Code.  Type  AVB) 

Sizes  So.  18  to  So.  4/0  All'G  with  varnished  cambric  and 
imiwegnated  asbestos  inaulotion  and  gray,  black,  white  or 
colnrnt  flameproof  braid. 

Combine  fire  insurance  and  fine  appearance  in 
your  switchboards  with  Rockbestos  Switch¬ 
board  Wire.  It  is  fireprwif  and  will  not  dry  out 
under  heat.  Sharp,  clean  bends  can  be  made 
without  cracking  as  the  a.sbestos  wall  acts  as  a 
cushion  under  the  braid.  Rockbe.stos  .V.V.C. 
Hinge  Cable  and  Switchboard  Bus  Cable  have 
same  fireproof  and  heatprotif  characteristics. 


ROCKBESTOS  APPARATUS  HEATING  CABLE 

So.  19  WG  nickel-chromium  resistance  wire  insulated 
with  .Olfi"  of  impregnated  felted  asbestos  and  covered  with 
4  04'  waterproof  lead  sheath. 

Manufacturers  of  photographic  developing 
tanks,  candy  making  equipment,  soil  heating 
cable  kits  and  other  devices  requiring  coii- 
trolleti  distribution  of  mild  heat  can  use  this 
pliable  heating  cable  to  advantage. 

X 


ROCKBESTOS  THERMOSTAT  CONTROL  WIRE  ^ 

Sizes  So.  14, 16  ami  18  H'G  in  two  to  six  conductors  vrith 
jOtiS",  or  .bio"  or  (for  115  volt  service)  X)Sl"  of  impreg¬ 
nated  felted  asbestos  insulation  and  steel  armor. 

A  multi-conductor  control  wire  for  low  voltage 
intercommunicating,  signal,  and  temperature 
control  systems.  Lifetime  heatproof,  fireproof 
insulation  and  rugged  steel  armor  give  trouble- 
proof  circuits. 


ROCKBESTOS  ASBESTOS  INSULATED  MAGNET  WIRE 

Routui,  square  anil  rectangular  asbestos  insulated  conductors 
finished  to  meet  varying  winding  conditions  and  coil  treat¬ 
ment  requirements. 

Protect  your  motors  again.st  heat-induced 
breakdowns  with  class  B  windings  of  Rock¬ 
bestos  Heat-Resisting  Magnet  Wire.  Hads  of 
Rockliestos  A.V.('.  Motor  Lead  Cable  will 
complete  the  failure-proofing. 


ROCKBESTOS  A.V.C.  600  VOLT  POWER  CABLE 

(National  EI«*<  lrioal  Code,  Type  AV.V) 

Sue*  So.  18  .tU'G  to  2,000.000  CM  insulated  with  lami¬ 
nated  felted  asbestos,  varnished  cambric,  and  asbesbes  braid. 
Other  constructiims  for  *eTiife  cottages  to  5000. 

For  protection  against  failure  causeel  by' 
conductt)r-heating  overloads  and  high  ambient 
tein|)eratures  use  this  |ierinanently  insulated 
heat  and  flame  resistant  |)ower  cable  for  the 
internal  wiring  and  power  leads  of  products. 


ROCKBESTOS  FIREWAU  HOOKUP  WIRE 

Size*  So.  ti  to  4  AH’G  in  1000  volt  rating,  and  So.  12,  14 
and  16  AWG  in  3000  volt  insulated  wM  high  dielectric 
synthetic  tape,  impregnated  .felted  asbestos  and  covered  with 
odor  coded  lacquered  glass  braid. 

Originally  designed  to  meet  the  demand  (»f  air¬ 
borne  radio  equipment  manufacturers  for  a 
flame  and  heat  resistant  wire  and  widely  u.sed 
since  in  ground,  marine  and  mobile  communica¬ 
tions  .systems,  electronic  devices  and  apparatus. 
()|)erating  temperature  range  12.5°  ('.  to  minus 
50°  C.  Ideal  for  wiring  harne.sses  in  com(>act 
apparatus  and  small  motor,  coil,  tran.sformer 
and  dynamotor  leads.  *  .\lso  in  twisted  pair, 
tripled  or  cabled  multi-conductor  con.stnictions. 


ROCKBESTOS  ALL- ASBESTOS  600  VOLT  RHEOSTAT  CABLE 

(National  Electrical  Code,  Type  .\1.\) 

Sizes  S’o.  18  .4H’G  to  IJOOOfiOO  CM  insulcUed  with  a  heavy 
uall  of  felted  asbestos,  covered  with  a  rugged  asbestos  braid 
finished  in  black,  white  or  colors. 

Use  this  power  and  rheostat  cable  for  wiring 
rheostats,  switchboards,  elevator,  l<XH:)motive 
contntl  panels  and  equipment  expttsed  to  heat, 
fumes  and  fire  hazard.  For  flexible  stianded 
conductor  specify  Rockbe.stos  .Ml-Asbestos 
Flexible  .Apparatus  Cable.  For  solid  conductor 
specify  Rockbestos  .\ll-Asbe.stos  Rheo.statWire. 


ROCKBESTOS  300  VOLT  HEAT  RESISTING 
DUPLEX  FLEXIBLE  CORO 

(Underwriters'  Type  .\EP1)) 

Sizes  So.  10  to  18  AH’tr  stranletl  idiiin  copper  conductors 
insulateel  with  impregnateil  felted  a*6»  stos,  polarized,  twisted 
together  and  covered  with  a  cotton  braiil. 

This  duplex  heat  resisting  flexible  cord  is  ap¬ 
proved  by  the  Underwriters’  I.,itboratories  for 
u.se  in  fixtures  and  is  recommended  for  appa¬ 
ratus  leads  where  moi-ture  resistance  is  not  re¬ 
quired.  thher  types  also  available. 


rockbestos  all-asbestos  600  VOLT 

FLEXIBLE  CORD 

Sizes  So.  10  to  18  .1  U’t/  with  two  or  three  coruluctors  in¬ 
sulated  with  imiwegnated  felted  a^stos  and  covered  with  a 
heavy  asbestos  braid. 

This  heavy  duty  heat-resisting  flexible  cord  is 
uleal  for  high  wattage  lighting  units,  apparatus, 
floodlights,  etc.,  that  are  used  in  hot  spots  or 
develop  heat  in  o|)erat  ion.  For  moi.sture  resistant 
type  specify  Rockbe.stos  .A.V.C.  construction. 


OH,  O'**** 


ROCKBESTOS  PRODUCTS  CORP. 

452  NICOLL  STRUT,  NEW  HAVEN  4,  CONN. 

ROCKBESTOS 

The  Wire  with  Permanent  Insulation 
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2835  13th  AVE.  S.,  MINNEAPOLIS  7,  MINN 


Ine  Transformer 


An  ADC  115A  (Industrial  Series) 
impedance  matching  transformer, 
picked  at  random  from  stock,  was 
submitted  to  tests  .to  compare  its 
performance  with  that  of  other 
makes  of  1st  line  transformers.  Here 
are  the  results.  Compare  perform¬ 
ance  of  the  ADC  transformer  with 
that  of  other  makes. 


FREQUENCY  RESPONSE 


Signal  and  balondng  drcuits  are  leapt  sep¬ 
arate  in  wiring;  batteries  for  indieidual 
stages  are  on  top  of  chossis  with  tubes 
and  additional  shielding 


possible;  a  shield  was  put  between 
stages.  Input  and  output  leads 
were  kept  well  separated.  The 
6SN7  tubes  were  tested  to  obtain 
those  having  the  least  drift  and 
being  the  least  microphonic;  the 
the  6SJ7  tubes  were  selected  in 
matched  pairs.  Both  amplifiers 
have  performed  very  well  for  over 
two  years. 

Amount  of  drift  depends  largely 
on  how  closely  the  input  tubes  are 
matched  and  how  long  a  warm-up 
is  allowed.  Because  most  of  the 
drift  is  caused  by  change  of  cathode 
temperature,  the  heater  current  is 
turned  on  first.  Tests  with  care¬ 
fully  selected  tubes  indicate  that, 
after  10  minutes  of  warm-up,  a 
drift  equivalent  to  about  0.5  milli¬ 
volt  input  signal  can  be  expected 
over  two  hours.  After  the  first 
hour,  if  no  overloading  has  oc¬ 
curred,  the  equivalent  drift  has  de¬ 
creased  to  about  50  microvolts  over 
a  two  hour  period. 

The  frequency  response  is  essen¬ 
tially  flat  from  zero  to  at  least  50,- 
000  cps,  and  could  be  further  ex¬ 
tended  if  compensation  in  addition 
to  the  85-mh  inductance  in  the  first 
stage  were  added.  This  inductance, 
wound  on  a  high  permeability  iron 
core,  reduces  phase  shift,  which 


FMQUCNCY  M  CYCLES  PU  SECOND 

It  may  be  noted  that  altho  the  perme¬ 
ability  of  magnetic  materials  drops  at 
low  flux  densities,  the  ADC  transformer 
has  sufficient  reserve  inductance  to  al¬ 
low  for  this  even  at  low  power  levels. 
At  40  db  below  maximum  power  level 
it  exceeds  the  response  guarantee.  In¬ 
sertion  loss  at  1,000  cps  was  0.75  db. 


600  OHMS 


600  OHMS 


300  OHMS 


The  most  common  interference  volt¬ 
ages  encountered  in  telephone  line 
transmission  are  longitudinal;  that  is, 
the  induced  voltages  in  both  wires  are 
in  phase  with  respect  to  ground.  These 
can  be  removed  from  the  signal  volt¬ 
age  only  by  means  of  a  well  balanced 
line  transformer.  Illustration  "A” 
shows  the  test  circuit  used  to  measure 
the  degree  of  removal  of  these  inter¬ 
ference  voltages.  Level  reduction  on 
the  ADC  1 1 5  A  transformer  was  67  db 
at  100  cps  and  56  db  at  10,000  cps. 


600 

OHMS 


5^ 
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MANUFACTUtERS,  JOIIERS: 
Write  tetioy  for  catalog  of  ADC 
olocironic  compononti  or  for  in- 
formofion  on  unite  onginoocod  to 
your  roquiromontt. 
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What  is  one  the  basic  requirements  of  a  “good”  instrument? 


MAGNETS  that  never  age 

. . .  one  of  the  reasons  why  Westinghouse  instruments  are  good/ 


Westinghouse  instrument  magnets  retain  full  held 
strength  for  life. 

The  pole  faces  are  machined  with  extreme  tolerance 
control  to  give  maximum  scale  linearity.  The  skill 
acquired  by  Westinghouse  instrument  craftsmen  and 
engineers  .  .  .  throughout  58  years  of  research  and 
specialization  .  .  .  has  resulted  in  parts  designed 
to  meet  every  standard  of  perfection.  Herein  lies 
the  secret  of  making  good  instruments.  It  is  the 
harmonious  operation  of  all  parts,  designed  and 
built  by  Westinghouse,  that  assures  you  unjailing  per- 

^^stin^house 

KANTS  IN  as  cmn . . .  orncis  tviRvwHfti 


formance  under  the  most  adverse  operating  conditions. 

The  wide  scope  of  the  Westinghouse  line  provides 
the  electrical  measuring  instruments  to  fill  your  needs 
exactly.  If  you  have  an  instrument  problem,  consult  a 
Westinghouse  instrument  specialist.  Call  your  nearest 
Westinghouse  office  or  write  Dept.  E- 10,  Westinghouse 
Electric  Corporation,  P.O.  Box  868,  Pittsburgh  30,  Pa. 

A  ★  ★ 

mMEDIATE  DELIVERIES  on  many 
instruments  .  .  .  others  up  to  90  days. 

J-40353 

INSTRUMENTS 


l 
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OSCILLOGRAPH  RECORDER 
or  ELECTRONIC  TIMER 


rHOTO  COURTESY  HEILANO  RESEARCH  CORP..  DENVER.  COL 

AUTOMATIC  RECORDER,  Type  A301r,  i. 

equipped  with  Cannon  Electric  Type  'K* 
Plugs  and  Receptacles.  This  instrument  may 
be  employed  wherever  multiple  electric  low- 
frequency  phenomena,  either  periodic  or 
tronsient.  are  to  be  recorded  or  studied. 


UNRETOUCHED  CANNON  ELECTRIC  PHOTO 

ELECTRONIC  UNIT  in  timer  for  die-casting 

machines  equipped  with  Cannon  Electric 
DPD  Plugs.  Panel  portion  is  shown  obove. 
Rack  unit  plugs  into  the  panel  and  carries 
pin  insert  assembly.-  Timer  regulates  die¬ 
casting  interval  automatically. 


Pluf 


I 


CANNON 
m  I  PLUGS 


K-21  Plug  RK-24C  Plug 

TYPE  **K”  — made  in  3  general 
shell  types  with  nearly  190  insert 
arrangements  available  for  a  wide 
variety  of  wire  sizes,  including 
coaxials. 


TYPE  DPB  —  rack  type  pin  and 
socket  assemblies  (both  for  rigid 
mounting)  carry  standard,  coaxial 
and  twinax  contacts.  Six  basic  lay¬ 
outs  available  in  DPB,  many  more 
in  the  larger  DPD  size. 


NEW  EDITION  C-46-A  CATALOG  — For  a  com¬ 
plete  survey  of  the  majority  of  Cannon  Electric 
products,  send  for  this  C-46-A  Catalog,  con¬ 
taining  prices  on  many  items.  Also  included  are 
the  names  and  addresses  of  distributors.  Write 
Department  J-120  for  a  free  copy. 


CANNON  ElECTRIC 

EIE*CT?|C  /  DEVELOPMENT  COMPANY 

3209  Humboldt  Street,  Los  Angeles  31,  California 

Canada  &  British  Empire  —  Connon  Electric  Co.,  Ltd.,  Toronto,  Ontario  •  World  Export 
Agents  (excepting  British  Empire)  Frozor  &  Honsen,  301  Cloy  St.,  Son  Francisco  11,  Calif. 


ELECTRON  ART  (eonfinurt)' 

comparison  of  input  and  output 
signals  on  an  oscilloscope  shows  to 
be  less  than  10  degrees  at  20,000 
cps.  The  use  of  screen-grid  tnbc- 
accounts  for  the  high-frequency 
response  with  high  gain  because 
low  plate  resistances  can  be  used 
without  sacrificing  amplification,  as 
would  be  the  case  with  triodes.  This 
circuit  lends  itself  to  the  use  of 
screen-grid  tubes,  whereas  in  many 
d-c  amplifiers  their  use  is  difficult. 

The  amplifier  output  is  neces¬ 
sarily  at  a  relatively  high  positive 
potential  (150  to  200  volts)  with 
respect  to  the  input.  Thus,  only 
the  input  or  the  output,  not  both, 
can  be  grounded;  the  other  must 
be  well  insulated  from  ground  and 
handled  accordingly.  If  the  am¬ 
plifier  drives  an  oscilloscope,  it  is 
ordinarily  more  satisfactory  to 
ground  the  output  of  the  four 
stages  shown  in  Fig.  2,  allowing 
the  final  amplifier  plates,  which 
should  be  connected  directly  to  the 
deflection  plates  of  the  cathode-ray 
tube,  to  assume  a  positive  potential 
with  respect  to  ground,  and  the  in¬ 
put  to  the  four-stage  amplifier  to 
assume  a  negative  potential. 


Variable-Frequency 
Stimulator  for 
Electrophysiology 

Walter  I.  Weiss 

Development  Engineer 
Rohm  Inutruments,  Inc. 

Xew  York 

In  many  fields  of  biophysical  and 
medical  research,  equipment  for  the 
electrical  stimulation  of  living  tis¬ 
sue  is  required.  The  stimulator  to 
be  described  was  designed  to  include 
a  maximum  of  flexibility  from  all 
standpoints. 

In  general  there  are  three  vari¬ 
ables  to  be  considered,  namely  am¬ 
plitude,  waveshape,  and  repetition 
rate.  All  are  interdependent  from 
the  standpoint  of  stimulation.  The 
amplitude  of  stimulus  required  may 
be  3  to  5  volts  for  such  applications 
as  the  location  of  motor  areas  of  the 
brain  in  neurosurgery,  or  a  few 
millivolts  for  the  stimulation  of  the 
nerve  in  the  gastrochemous  muscle 
preparations. 

Using  this  stimulator  to  contract 
the  gastrochemous  muscle  of  a  frog 
by  stimulation  of  the  sciatic  nerve, 
minimal  stimulus  was  12  millivolts 


182 


October,  1947  — ELECTRONICS 


FINE  GRAIN  STRUCTURE-for  greater  me 
chanical  strength. 

REAL  ECONOMY,  HIGHER  UNIFORMITY- 
for  odd  shopes  and  small  sixes. 


SMOOTH  SURFACES — for  easier  braxing 
or  soldering. 

CLOSE  TOLERANCES — with  a  minimum  of 
costly  grinding. 
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SPECIFICATIONS 


JERSEY  CITY  7.  N.J 


337  CENTRAL  AVE 


ELECTRON  ART  (coni  ou«d) 

for  the  Sawtooth  wave  and  34  niilli. 
volts  for  the  peaked  wave  at  a  basic 
repetition  rate  of  90  cycles  per  sec¬ 
ond  and  an  .ambient  temperature  of 
26.6  C.  The  stimulator  has  a  maxi¬ 
mum  output  of  10  volts,  while  on  the 
lowest  of  the  three  output  ranges, 
variations  of  2  millivolts  can  easily 
be  set  and  read  on  the  output  meter. 
Continuously  variable  output  is 
available  over  the  entire  range. 

Choice  of  Waveshapes 

Much  has  been  said  concerning 
the  desirability  of  various  wave 
shapes  for  stimulation,  but  as  yet 
there  has  been  no  standardization, 
the  choice  being  one  of  personal 
preference.  Sinewave  stimulators, 
both  60-cycle  and  variable-fre¬ 
quency,  are  in  use  to  some  degree. 
Rectangular  waves  have  been  used 
with  success  and  there  are  many 
points  in  favor  of  this  waveshape. 

To  date,  however,  little  has  been 
done  in  the  development  of  a  com¬ 
mercially  available  rectangular 
wave  generator  of  sufficient  flexi¬ 
bility.  Perhaps  the  most  widely  used 
waveshape  is  the  sawtooth,  which  is 
a  close  approach  to  the  theoretically 
ideal  exponentially  rising  voltage. 
Therefore,  the  sawtooth  is  one  of 
the  waveshapes  included  in  the 
stimulator. 

Making  use  of  the  linearizing  cir¬ 
cuit  of  Newsam,  it  is  possible  to  ob¬ 
tain  exceptionally  good  waveshape 
while  at  the  same  time  increasing 
the  efficiency  of  the  thyratron  to 
some  50  percent.  In  Fig.  1,  cathode- 
follower  stage  V,  is  shunted  across 
the  greater  portion  of  the  charging 
resistor,  R„  R^,  and  R^  As  the  cath¬ 
ode  to  grid  voltage  is  nearly  con¬ 
stant  for  a  cathode  follower  whose 
gain  is  nearly  unity,  the  current 
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PODTABU  •  AC  OPERATED 


With  this  instrument  it  is  possible  to  quickly  and  accurately 
analyze  and  service  equipment  in  different  locations  without 
fuss  in  time  consuming  demounting  and  transportation  of 
apparatus,  it  will  thus  pay  for  itself  in  a  short  time  and  no 
modern  radio  station  can  afford  to  be  without  it.  It  can  also 
be  used  to  good  advantage  in  factory  checking  and  inspec¬ 
tion  of  audio  equipment. 

The  set  combines  in  a  modern  efficient  manner  an  accurate 
vacuum  tube  voltmeter,  an  audio  oscillator  with  four  fixed 
frequencies  and  a  precision  attenuator  all  mounted  in  a 
handy  cabinet  easily  carried  by  the  operator. 


REGULATED  B" 


•  GAINi  Up  to  80  db. 

•  LOSSi  60  db.  moAiinuin. 

•  VACUUM  TUBE  VOLTMETER; 

Rongo— 40  to  4’ 40  db. 
( 1  mv.  rot.  lovol) 

•  AUDIO  OSCIIIATORt 

Froq.  Rongoi  100  to 

10.000. 


•  PRECISION  ATTENUATOR: 

Flat  to  20  KCi  93.  db. 
in  J  db.  Etops. 

•  DIMENSIONS: 

10%*  X  16%-  X  •%- 

•  WEIGHT:  30  Ibt. 

•  INPUT:  115  Volts. 

60  cyclos.  70  wotts. 


0  I 

TO  0002 


GNC  peaked  saw  TOOTH 


Fig.  1 — Maximum  output  of  10  volts  ii 
provided  by  this  electrophysiological  stim- 
ulatoi 
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STANDARD  GRADE 


DOUBLE  SATURATED 


TRIPLE  STRENGTH 


IMPREGNATED 


^  •Kr  ill  I 

A  PARTIAL  LIST  OP  M-R  PRODUCTS:  FIBERGLAS  VARNISHED UUBING.  TAPE  AND  CLOTH 
AND  TWINES  •  CABLE  FILLING  AND  POTHEAD  COMPOUNDS  •  FRICTION  TAPE  AND  SPLICE 
POUNDS  •  FIBERGLAS  SATURATED  SLEEVING  •  ASBESTOS  SLEEVING  AND  TAPE  •  VARNISHE 
TAPE  •  MICA  PLATE,  TAPE,  PAPER,  CLOTH,  TUBING  •  FIBERGLAS  BRAIDED  SLEEVING  •  COTTOF 
SLEEVINGS  •  IMPREGNATED  VARNISH  TUBING  •  INSULATED  VARNISHES  OF  ALL  TYPES  •  EX1 


SET  BY  VARNISHED  TUBING  ASSOCIATION  AND 
AMERICAN  SOCIETY  FOR  .TESTING  MATERIALS 


for  maximum  flexibility,  has  little  varnish  and  is  recommended  for  high  tempera¬ 
tures  where  dielectric  strength  is  not  a  factor. 


has  all  qualities  of  the  STANDARD  GRADE  but  with  additional  coats  of  varnish  to 
bring  the  dielectric  rating  up  to  1500  volts. 


is  built  up  with  coats  of  especially  flexible  insulation  varnish  for  dielectric  ratings 
up  to  2500  volts  and  is  particularly  suited  where  assembly  operations  include  the 
possibility  of  rough  handling. 


is  the  Optimum  in  Superiority  for  high  gloss,  non-hydroscopic,  resistance  to  high 
temperatures,  oils,  acids,  etc.  impregnated  has  a  dielectric  rating  beyond  7000 
volts  and  is  unequalled  for  Long  Life  Under  Most  Severe  Conditions.  Write  For 
Samples. 

FOR  USERS  OF  COTTON  YARN  VARNISHED  TUBINGS  The  Mitchell-Rand  miraC 
and  HYGRADE  Varnished  Tubings  of  long  staple  fiber  yarn  are  comparable  to  Fiber- 
glas  Tubings  in  dielectric  ratings,  tensile  strength,  flexibility  and  long  life. 


Write  today  for  your  free  copy  of  the  M-R  WALL  CHART  with  its 
engineering  tables,  electrical  syntbols,  carrying  capacities  of  conductors,  dielectric 
overages,  thicknesses  of  insulating  materials,  tubing  sizes,  tap  drills,  etc. 


MITCHELUfiANH  INSULATION  CO.  loc 


(rtlaneltj.  7-92 
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through  the  resistor  is  almost  con¬ 
stant  and  capacitor  Ci  charge; 
linearly. 

Distortion  is  further  minimized 
by  the  use  of  cathode-follower  out- 
put  stage  which  serves  as  an 
impedance  transformer  to  the  lo\( 
output  impedance.  This  low  value 
is  a  requisite  for  good  regulation 
since  the  preparations  to  be  stimu¬ 
lated  are  apt  to  be  low-impedance 
loads. 

A  second  wave  shape  is  available 
by  differentiation  of  the  sawtooth 
wave.  The  resultant  sharp  pulse  is 
often  of  use  when  a  stimulus  of 
short  duration  is  desired.  It  may 
also  be  used  simultaneously  with 
the  sawtooth  to  trigger  a  single 
sweep  circuit  for  observation  on  a 
cathode-ray  oscilloscope.  The  output 
meter  reads  approximately  the  aver¬ 
age  value  of  the  sawtooth  wave  and 
is  calibrated  in  equivalent  rms  value 
for  sinusoidal  voltage. 


for 

ROLLING  SPRING 


New  model  "M"  with  leaf  octuator- 
thinnest  switch  mode. 


...precision 

engineered 

TO  FIT  THE  JOB 


Let  us  engineer  and  build  your 
Snap-Action  Switches  to  meet 
the  engineering  requirements  of 
your  application.  ACRO  Switches 
are  also  built  in  gangs  (as  shown 
above)  in  any  number  for  your 
economical  assembly. 

All  ACRO  Snap-Action  Switches 
are  designed  with  the  famous 
patented  Rolling  Spring  principle 
that  assures  more  POSITIVE  ac¬ 
tion,  longer  life,  and  greater 
economy.  Single  pole  or  multiple 
pole.  Normally  open,  normally 
closed,  or  double  throw.  Variety 
of  actuators.  Fully  enclosed  and 
open  blade  types.  Operating 
characteristics  to  suit  your  needs. 
Ratings:  Up  to  15  Amps,  125 


Cross  section  of  potented  Rolling  Spring 
construction  in  fully  enclosed  type. 


Typical  2  pole  open  blade  type.  Small, 
compact,  and  positive. 


Fig.  2 — Sawtooth  and  pulie  output  war* 
shapes  of  the  electronic  stimulator  oi 
seen  on  a  c-r  tube 


The  frequency  is  determined  by 
charging  resistor  and  capacitor 
Cl.  It  is  felt  that  the  range  incorpo¬ 
rated,  11.5  to  1,300  cycles  per  sec¬ 
ond,  is  more  than  sufficient  to  meet 
most  electrophysical  requirements. 
Good  frequency  stability  for  line 
voltages  from  95  to  125  volts  is  ob¬ 
tained  by  use  of  a  regulated  voltage 
supply  for  the  oscillator  section. 

A  600-volt,  hermetically  sealed, 
oil-filled  capacitor  is  used  to  couple 
the  cathode  of  output  stage  Vi  to 
output  resistor  R,s.  The  instantane- 


Open  Blade  AAodel  "M"  for  limited 
space  and  low  cost. 


Volts  A.C.  Send  blueprints  and 
details  for  quicker  action. 
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GREAT  NEWS! 

VIBRATION  CONTROL  now  SIMPLIFIED 


...with  MB  developments 
in  vibration  engineering 


Type  17 


ISOMODE 

UNITS 


ISOMODE  DESIGN  CHART 


Here’s  a  remarkable,  new  method  of  locating 
support  points  for  flexible  mountings.  It  re¬ 
duces  your  difficult  design  problem  to  an  almost  rou¬ 
tine  job.  And  what’s  more,  it  assures  you  optimum 
isolation  every  time,  from  standard  units,  with  math¬ 
ematical  certainty!  Here  are  partial  details: 

THE  MB  ISOMODE*  DESIGN  CHART 
SAVES  WORK,  SAVES  TIME 

Set  down  graphically  are  the  relation.«;hips  you  formerly 
found  by  trial  and  error.  Each  quadrant  covers  a  differ¬ 
ent  phase  of  the  entire  vibration  problem.  You  outline 
your  product  right  onto  the  chart.  Then  read  your  solu¬ 
tions  directly  from  intersections  of  various  curves  and 
mount-locations  of  product. 


THE  MB  ISOMODE*  UNIT- 
CLINCHES  THE  RESULTS 

You  can  install  these  units  at  any  convenient  angle — be¬ 
cause  MB  engineered  them  with  an  equal  spring  rate  in 
all  directions.  That’s  also  why  they  i.'^olate  with  extra 
high  efficiency.  For  the  same  radial  and  axial  softness 
absorbs  not  only  vertical,  but  horizontal  and  rocking 
motions  as  well!  They  have  high  deflection  capacity,  yet 
are  thoroughly  stable.  Safe,  self-snubbing,  compact  sizes 
are  available  for  loads  of  Vz  pound  to  2.')()()  pounds. 

Why  not  investigate  this  simplified  MB  method? 
Give  your  product  the  benefit  of  vibration  control 
accomplished  in  the  design  stage — and  make  no  com¬ 
promise  on  efficiency.  You’ll  get  a  product  that  works 
more  smoothly,  lasts  longer — and  sells  better ! 

•  Vradr  Murk  If.  S,  Pat.  Ofi. 


SEND  FOR  FREE  REPRINT 

This  technical  paper  gives  the 
information  you  nee<l  for  better 
vibration  control  design.  It  de¬ 
scribes  the  chart- -shows  you  how 
to  use  it.  No  obligation,  of  course. 
'  Write  Dept.  B5 


MANUFACTUMNG  COMPANY,  me. 

1060  State  Streat 
New  Haven  11,  Conn. 


VIMUTIOII ISOUTOI  INITS  •  VWUTIOR  TEST  EIIIPMERT 
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OU8  peak  voltage  is  never  more  than 
60  volts. 

Examples  of  output  waveshape, 
both  sawtooth  and  pulse,  are  given 
in  Fig.  2.  A  switching  arrange;  nent 
is  provided  externally  to  allow  for 
keying  of  the  stimulus  in  applica- 
tions  where  continuous  stimulation 
is  not  desired. 


HAND  IN  HAND 


TME 

CARL^e 

RCNNA. 

CR*r 


SURVEY  OF  NEW  TECHNIQUES 

Electronarcosis,  electrically  in¬ 
duced  sleep,  is  a  modification,  de¬ 
veloped  by  scientists  working  with 
Dr.  K.  M.  Bowman  at  California  In¬ 
stitute  of  Technology,  of  electro¬ 
shock.  It  is  being  tried  out  clinically 
in  the  California  State  Hospital 
under  research  funds  from  Uni¬ 
versity  of  California.  Treatment 
for  some  forms  of  insanity,  con¬ 
sisting  of  applying  current  through 
electrodes  for  about  seven  minutes 
as  showm  in  the  illustration,  is  given 
on  an  empirical  basis  pending  col¬ 
lection  of  enough  case  histories  for 
thorough  evaluation.  Initially  170 
to  250  ma  are  applied,  dropped  after 
about  30  seconds  to  around  70  ma, 
and  then  gradually  increased  de¬ 
pending  on  the  patient’s  reactions. 


crystals  play  their 
part  in  new  developments 


f¥etedL  tke  — Wilcox  Electric  Company,  Kansas  City, 

Mo.,  required  In  its  new  Mobile  Radio  Telephone  Set  high  stability,  low 
power  consumption  and  shock  resistance. 


•The  Hunt  Corporation’s  specially  de¬ 
veloped  CR-7  crystal  units  for  this  application.  These  crystals  are  shock 
proof  and  the  stability  built  into  them  eliminates  the  need  for  power¬ 
consuming  ovens. 


Electrical  shock  therapy  may  cure  some 
forms  of  insanity 


WILCOX  Electric  Company,  one  of  the  country’s  leading 

manufacturers  of  radio  equipment,  is  now  in  production  on  one  of  its  latest 
developments — the  Mobile  Radio  Telephone  Set.  For  the  crystal  units 
needed  to  assure  the  best  possible  results 

,  .  ...T.  .  .  wri  I  ••  f'O’’  crystals  you  need 

from  the  Telephone  on  Wheels  ... 

to  give  better  results  from 

Wilcox  turned  to  The  Hunt  Corporation,  .  .  xl 

‘  your  set,  get  together 

manufacturer  of  high  stability,  close  toler-  engineers  .  .  . 

ance  crystals.  Do  it  today. 


In  the  Glissando  technique,  re¬ 
ported  by  Dr.  E.  B.  Tietz  of  Los 
Angeles,  the  current  is  stepped  up 
during  the  first  few  seconds  from 
zero  to  the  initial  dosage.  The  pa¬ 
tient  returns  to  consciousnes,'! 
shortly  after  the  current  is  removed. 


Cold-cathode  rectifiers  in  which 
a  corona  discharge  at  atmospheric 
and  higher  pressures  of  hydrogen 
and  nitrogen  were  found  to  be  use¬ 
ful  for  low-current  applications  by 
W.  H.  Bennett,  now  at  the  National 
Bureau  of  Standards.  Discharge  is 
produced  from  the  tips  of  wires  of 


CORPORATION 


CARLISLE,  PA 
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Where  Sat^Ta 


MANA6I 


electronics  Bira 


.  .  .  on  the  desks  of  the  engineers  card  executives  throughout 
industry  —  those  all-importcmt  men  whose  decisions  cmd  plans 
are  the  final  factors  in  the  purchase  of  electronic  components, 
"packaged"  equipment,  or  allied  products. 


These  men  have  learned  to  rely  on.  and  use  the  Buyers'  Guide 
for  information  on  product  sources  and  technical  data  on  those 
products.  A  handy  desk  package  for  the  time-pressed  designers 
-  the  only  directory  of  its  kind  —  containing  acciuate  information 
on  all  products  concerned  with  their  work.  When  they  look  up  a 
needed  component  or  product  and  find  one  with  correct  char¬ 
acteristics  —  a  sale  has  been  made. 


As  a  matter  of  fact,  that  is  your  Point  of  Sale.  Once  a  product 
has  been  designed  into  the  pilot  model  the  time  for  selling,  9 
times  out  of  10,  is  passed.  It  is  either  too  late  or  too  difficult  to 
change  or  fit  in  a  substitute.  Don't  overlook  this  year  round 
salesman  —  be  sure  to  include  it  in  your  1948  advertising  budget. 


U  you  are  going  (o  sell  your  product,  the  best 
time  to  reach  them  is  when  their  product  is  on  the 
drafting  table  and  components  or  complete  equip¬ 
ment  is  being  designed  in.  That's  the  point  of  sale 
—and  it's  the  time  they're  using  the  Buyers'  Guide. 


electronics 

BUYERS’  GUIDE 

*te^eneKCC  6€cefiK^  ^uicU  U4ed  etACficf 


PUBLISHED  YEARLY  •  IN  JUNE 
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HARDWICK,  HINDLE 

Tubular 


Rheostats 


ELECTRON  ART  (contin.,d) 

0.4  to  3  mils  diameter.  Atmospheres 
free  from  electron  attaching  compo¬ 
nents  are  necessary.  Anodes  in  the 
tubes  can  be  formed  by  coating  the 
envelope  with  Aquadag.  As  the 
tubes  require  no  heater,  they  can 
be  conveniently  arranged  in  a  volt¬ 
age-multiplier  rectifier  and  require 
no  warm-up  period;  tubes  can  be 
built  for  10  kilovolts  at  about  100 
microamperes  per  wire. 

Videotelephone  comprising  a 
small  television  set  combined  with 
the  telephone  apparatus  has  been 
built  by  I.  P.  Zakharov  of  the  USSR 
Television  Research  Institute.  The 


Telephone  poaition  includea  lighonq.  icon- 
iacope  (behind  round  dark  opening),  and 
kinescope  (in  recessed  box) 
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Velocity  of  propagation  of  centi¬ 
meter  radio  waves  must  be  accu¬ 
rately  known  in  making  range 
measurements  by  radar.  Measure¬ 
ments  directed  by  F.  E.  Jones  of 
the  British  Telecommunications 
Research  Establishment  and  con¬ 
ducted  over  clear  optical  paths  up 
to  40  miles  long  over  sea  show  that 
the  velocity  of  propagation  is  186,- 
217  rb  16  miles  per  second,  which 
is  substantially  the  velocity  com¬ 
puted  by  taking  into  consideration 
the  refractive  index  of  the  atmos¬ 
phere.  The  measuring  technique 
consisted  of  accurately  surveying 
the  distance  between  two  sites, 
measuring  the  radio  time  between 
them  with  oboe  blind-landing  radar 
range  equipment  (9  cm)  whose  tim¬ 
ing  and  sweep  had  been  accurately 
calibrated,  and  computing  the  wave 
velocity. 


These  fine  sliding  contact  rheostats  are  widely  used  in  labora¬ 
tories.  They  serve  as  rheostats  or  potentiometers;— portable, 
easily  mounted,  with  fine  gradations  of  adjustment. 

These  sturdy,  improved  tubular  rheostats  are  used  for  accurate 
adjustment  of  voltage  or  current  in  meter-checking  laboratories; 
—as  field  rheostats  for  generator  and  motor  eontrol;— as  filament 
and  plate  control  in  radio  and  audio  transmitting  and  amplifying 
apparatus;— for  control  of  illumination  and  heat  control  in  electric 
furnaces  and  ovens;  as  well  as  in  general  laboratory  use. 

Available  in  3  sizes:  200,  400  and  750  watts  witb  any  one  of  3 
types  of  control. 

Hardwick,  Hindle  resistors  and  rheostats  offer  many  exclusive 
advantages.  We  ask  you  to  give  our  engineers  an  opportunity  to 
discuss  your  specific  requirements. 


HARDWICK,  HINDLE,  ING. 

Rheostats  and  Resistors 


Subsidiary  of 

THE  NATIONAL  LOCK  WASHER  COMPANY 

NEWARK  5,  N.  J.  Established  188d  U.  S.  A. 


equipment,  showing  the  person  at 
the  other  end  of  the  line,  is  installed 
at  the  Institute. 


insert 


engage 


y  simple  steps  to  fast, 
secure  fastening  with 


actuate! 


CHERRY  blind  rivets 


irS  JUST  THAT  SIMPLE.  Insert  the  Cherry  Rivet  in  the 
hole,  engage  the  rivet,  actuate  the  gun.  A  powerful  con¬ 
trolled  pull  does  the  rest. Thisoddsupto speed, speed,  speed. 

DYNAMIC  EXPANSION  of  the  rivet  shank  during  in¬ 
stallation  means  tight,  strong,  vibration-resistant  joints. 
One  man  does  it  oil.  No  bucking  bars,  no  hammering. 
Just  three  simple  steps  to  fast,  secure  fastening. 


ONE  MAN  REPLACES  TWO.  BoHom  of  soda 
fountain  shows  Cherry  Rivets.  Body  fastened 
with  self-plugging  rivets,  foot  with  pull-through 
hollow  rivets.  One  man  does  a  fost,  secure  job. 


SCREWS  WORK  LOOSE.  Cherry  Rivets  replace  sheet  metat 
screws  in  construction  of  refrigerated  creamery  trucks  at  Los 
Angeles  Automotive  Works.  Screws  had  a  bad  record;  60X  of 
screws  would  work  loose  within  6  months.  Cherry  Rivets  have- 
a  perfect  record  of  tight,  vibration-resistant  joints. 


Tight-clinching  puM-/hrough 

hollow  type  Cherry  Rivet  \‘ 


High  strength  self- 

plugging  type  Cherry  Rivet  \sL 

For  more  information  write  to  Dept.  J-I20,  Cherry 
Rivet  Co.,  231  Winston  Street,  Los  Angeles  13,  Calif. 

CHE..r  RIVETS. THEIR  MANUFRCTURE  R  RPPIICRTIOH  RRE  COVERED  IT  U.S.  RATS.  ISSUED  R  PENO. 


VIBRATION  DOESN'T  MATTER  NOW.  Screws  and  bolts  used 
to  work  loose  when  the  stoves  were  in  transit.  So  J.  H.  McKi* 
Co.  now  fastens  stove  frames  with  Cherry  Rivets.  Fast  produc¬ 
tion.  Tight,  vibration-resistant  joints. 


LOf  ANGELBt  13,  C  A  L  I  P  6  R  N  I  A c 
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for  every  application 


l^44A4i£il  &  Ca 


DESIGNERS  AND  MANUFACTURERS 
OF  ELECTRONIC  PRODUCTS 


45  WARBURTON  AVE 
YONKERS  2,  N.  Y. 


NEW  PRODUCTS 

(continuad  from  p  142) 


Our  toroid  filtors  havo  bocomo  a  by-word  in  ovory 
phaso  off  oloctronict  whoro  only  the  bo*t  rosults  aro 
accoptablo.  Toroidol  coils  wound  on  M(5lYBDENUM 
PERMALLOY  DUST  CORES  aro  tho  primary  basis 
ffor  our  succoss  In  producing  filtors  unoxcollod  in  por- 
fformanco. 


lines.  An  inspection  port  is  pro¬ 
vided  for  the  internal  contacts,  and 
external  contacts  are  available  for 
the  control  of  indicator  lights  or 
associated  circuits.  Connectors 
are  Amphenol  83-lR  for  RG-8U 
coaxial  cable. 


Reproducer  (13) 

Audak  Co.,  600  Fifth  Ave.,  Nevt 
York,  N.  Y.  Model  74- A  tuned  rib¬ 
bon  reproducer  has  high  output 
without  amplification.  The  jewel 


Radio  control — miniaturizing 
— Aircraft.  Nuclear  research. 


stylus  can  be  replaced  by  the  user. 
Response  is  linear  to  10  kilocycles. 
Pressure  is  24  grams. 


Ultrasonic  Gage  (14) 

Sperry  Products,  Inc.,  16th  St.  and 
Willow  Ave.,  Hoboken,  N.  J.  The 
Reflectogage  is  an  ultrasonic  thick¬ 
ness-measuring  device  that  re¬ 
quires  access  to  only  one  side  of  the 
material.  It  measures  thickness  of 
tubes  and  flat  parts  directly  in  the 
range  0.006  to  0.300  inch,  or  indi- 


5NICS 


iser. 

cleg. 
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The 
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A  functionally  clean  and  logical 
design,  this  knob  has  served  radio, 
electrical  and  other  industries  for 
over  a  generation.  It  has  been  an 
indicator  control  on  everything 
from  kerosene  stoves  to  mammoth 
panel-boards  and  airplane  cock¬ 
pits.  It  and  its  many  companion 
radio,  instrument  and  pointer 
knobs  have  made  Kurz-Kasch  the 
foremost  source  of  standard  plas¬ 
tic  knobs  in  America.  For  full 
details,  send  for  the  newly-revised 
Catalog  103  A. 


Millions  of  knobs  fo  prove 
one  Ihing  about  plasties 


I 

^7ood  plastics  applications  pay  off — especially  when  they  are 
designed  with  an  eye  on  the  years  ahead.  By  “good  applications”, 
we  mean  those  that  improve  products  quality-wise  or  cost-wise — or 
by  supplying  special  characteristics.  There’s  not  much  future  for 
plastics  used  otherwise,  for  you  or  your  moulder. 

For  example,  we  built  the  first  mould  for  these  control  knobs  25 
years  ago.  They  proved  immediately  popular,  and  have  continued 
throughout  the  years  to  be  a  top)-selling  standard  item — so  much  so 
that  three  additional  moulds  were  quickly  built  to  satisfy  demand. 
We’ve  produced  million  after  million  of  them  from  these  four 
original  moulds. 

Whether  it’s  a  stock  or  custom  job  up  for  consideration,  we  pride 
ourselves  at  Kurz-Kasch  on  correct  plastics  applications  designed 
and  engineered  to  get  the  most  ouf  of  initial  mould  costs.  We 
maintain  that  it  is  the  long-running  job  proving  the  foresight  and 
capabilities  of  the  established  custom  moulder  that  really  expresses 
the  plastics  industry’s  bid  for  the  future. 


•* 


Kia-Kaseli 


FOR  OVER  31  YEARS  PLANNERS  AND  MOULDERS  IN. PLASTICS 


Kwrs-Kascli,  Inc*  •  1  425  South  Iroaaway  •  Doytoo  1#  Ohio 
Branch  Salas  Otficas:  New  York  *  Chicago  *  Dotroit  *  Los  Angolas  *  Dallas 
Sr.*  Louis  *  Toronto,  Canada  *  ixport  Off  lees:  t9  Broad  Straat,  Now  York  City 


tCTRONlCS  — Octoior,  1947 


KURZ-KASCH  FOR 
STANDARD  KNOBS 


NEW  PRODUCTS 
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REEVES  SOUNDCRAFT  CORPORATION 


NEW  YORK  22.  N.  Y, 


10  EAST  52  STREET 


AN”  CONNECTORS 


Widen  the  Horizon  of 
Industrial  Electronics 


NEW  PRODUCTS  (contlr,u,d) 

rectly  up  to  several  inches.  Bore 
eccentricity  or  lack  of  bond  can  also 
be  detected.  Typical  materials  on 
which  the  ^age  can  be  used  uro 
steel,  brass,  silver,  copper,  alumi¬ 
num,  magnesium,  and  glass,  as  well 
as  certain  plastics  and  rubbers. 


lustrument  Amplifier  (151 

Keithley  Instruments,  1508 
Crawford  Road,  Cleveland  6,  Ohio. 
Phantom  Repeater  model  102  is  es¬ 
sentially  an  instrument  amplifier 
with  a  high-impedance  input,  used 
to  bridge  measuring  instruments 
across  high-impedance  circuits, 
give  simultaneous  indication  of 
voltage,  waveform,  and  aural  tone, 


and  increase  the  sensitivity  of  volt¬ 
meters  and  cathode-ray  oscillo¬ 
graphs.  The  device  has  an  input  of 
better  than  200  megohms  and  5.5 
micromicrofarads. 


H*F  Transmitter  (16) 

James  Millen  Mfg.  Co.,  Inc.,  Mal¬ 
den,  Mass.  A  new  high-frequency 
transmitter  with  output  on  the  10- 
11,  6,  and  2  meter  amateur  bands  is 


Alien-Ball  Corp. 

201  E  Water  St. 
Syracuse  1,  N.  Y. 
2-8267-8 

Henry  W.  Burwell 

lOS  Forrest  Ave.,  N.E 
Atlanta,  Georgia 
Walnut  8246 
Emmett  N.  Hughes 
1709  W.  Eighth  St. 

Los  Angeles  14,  Calif. 
Ex|iosition  1169 
W.  F.  Lowry 
3239  Faronia  St. 
Pittsburgh  4,  Pa. 
Walnut  2959 
H.  E.  Walton  Co. 

2111  Woodward  Ave. 
Detroit,  Michigan 
Cherry  6460-1 


J.  E.  McKinley 
401  No.  Broad  St. 
Philadelphia  8.  Pa 
Walnut  3575 

Land-C-Air  Sales,  Inc. 
(New  Englind) 

14  Pearl  Street 
New  York  4,  N.  Y. 

BO  9-9238 

B.  L.  MacPherson  Co. 

601  Fort  Wayne  Bank  Bldg. 
Fort  Wayne  2,  Indiana 
Anthony  9460 


Patterson  &  Co. 
Irwin-Keasler  BMg. 
Dallas  1,  Texas 
C-5764 

Northwestern  Agencies,  Inc. 
4130  1st  Ave.,  S. 

Seattle  4,  Washington 
Eliot  8882 
John  O.  Olsen 

1456  Waterbury  Road 
Cleveland  7,  Ohio 
Academy  4932 
F.  C.  Somers  &  Co. 

18th  &  Grand  Avenue 
Kansas  City  8,  Mo. 
Grand  1355 
Anthony  C.  Wahl 
5229  Arrow  Road 
Cincinnati  11,  Ohio 
Humboldt  2210-J 


R.  Fred  Brown 
32  Winchester  Ave. 
NN’estmoimt,  Montreal, 


crystal  controlled  by  means  of  a 
newly  developed  Bliley  unit.  The 
final  uses  an  829B  tube  with  100 
watts  plate  input. 


Dk,  THueslro 


VR  Tube  Checker  (17) 

Weston  Electtrical  Instrument 
Corp.,  617  Frelinghuysen  Ave., 
Newark  5,  N.  J.  Model  798  Type  5 
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proportional  mutual  conductance 
tube  checker .  tests  all  receiving 
tubes  as  well  as  voltage  regulators 
and  low-power  thyratrons.  Three 
signal  voltages  of  0.75,  1.5,  and  3 
volts  provide  mutual  conductance 
ranges  of  12,000,  6,000,  and  3,000 
microhms  without  danger  of  dam¬ 
age  to  the  tube  under  test.  Sixty 
cycle  a-c  is  used  on  the  tube  ele¬ 
ments  and  a  separate  5-kilocycle 
signal  is  applied  to  the  control  grid 
The  resulting  plate  component  of 
the  high-frequency  signal  is  meas¬ 
ured  on  a  rectifier  meter. 


Wire  Recorder  (18) 

Webster-Chicago  Corp.,  5610 
Bloomingdale  Ave.,  Chicago  39,  Ill. 
Model  80  wire  recorder  is  com¬ 
pletely  selfcontained,  comprising 
recording  and  playback  amplifier, 
loudspeaker,  microphone  and  three 


Wherever  industrial  electronic  equipment  is  sectionalized, 

Amphenol  AN  connectors  serve  with  efficiency  and  economy 
to  provide  quick  connection  and  easy  disconnect  for  servic¬ 
ing  or  movement. 

They  save  money  by  permitting  associated  wiring  for  one 
or  many  circuits  to  be  prefabricated,  thus  electronic  devices 
may  be  tested  at  the  factory  and  instantly  connected  for 
use  on  arrival.  This  greatly  simplifies  installation  and  servic¬ 
ing  procedures. 

Available  in  five  major  shell  designs,  each  of  which  accom¬ 
modates  over  200  styles  of  contact  inserts,  Amphenol  AN 
connectors  handle  voltages  up  to  22,000,  amperages  up  to 
200.  Types  with  pressure-proof,  explosion-proof  or  moisture- 
proof  housings  also  are  available,  as  are  standard  elements 
for  thermocouples. 

Amphenol,  long  the  leader  in  mass-producing  AN  connec¬ 
tors  for  the  armed  forces,  remains  completely  tooled  for 
large-scale  production  for  industry  at  costs  far  below  those 
in  effect  pre-war.  Write  for  full  data  now. 

AMERICAN  PHENOLIC  CORPORATION 

1830  South  54th  Avenue,  Chicago  50,  Illinois 
COAXIAL  CABLES  AND  C0NNECT0RS>INDUSTRIAL  CONNECTORS,  FITTIN6S  AND 
CONDUIT  •  ANTENNAS  •  RADIO  COMPONENTS  •  PLASTICS  FOR  ELECTRONICS 


spools  of  wire  in  a  carrying  case. 
Price  of  the  unit,  east  of  the  Rock¬ 
ies  is  $149.50.  Additional  wire  costs 
from  $2.40  to  $6.45  depending  on 
whether  a  15-minute,  half-hour  or 
full-hour  spool  is  purchased. 


THICKER  AMPHENOL  AN  INSERTS  INCREASE  BREANA6E  RESISTANCE 


Insulation  Tester  19) 

Radio  Frequency  Laboratories, 
Inc.,  Boonton,  N.  J.  A  new  tester 
developed  for  measuring  insulation 
resistance  of  power  cables,  trans¬ 
formers.  and  other  components  up 


anothsr  oxcunpl*  oi  th«  "•al«ty  insuranc*"  suppliod 
by  alert  Amphenol  engineering:  On  ali  eisee,  trom  20  ap, 
Amphenol  inserts  are  thicker,  ottering  greater  resistance  to 
breedroge.  This  is  particularly  important  where  larger  diam¬ 
eters  ore  employed,  and  a  greoter  number  o<  contacts  accom¬ 
modated. 
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For  New  High 
Speeds  in  the 
Lower  Pressure 
Ranges— 


THEMCF-700 
HIGH  VACUUM  PUMP 

WHEN  you  need  high  pumping  speeds  in  pressures  down  to  10-6  mm 
of  mercury,  the  performance  of  the  new  MCF-700  will  meet  your  speci¬ 
fications  exaaly.  This  pump  delivers  from  100  to  500  liters  per  second 
in  the  range  of  10»6  to  10'*  mm,  —  performance  unduplicated  by  any 
other  pumps.  Ruggedly  constructed,  the  MCF-700  operates  on  a  unique, 
self-conditioning  principle  which  keeps  the  fraaionating  jets  operating 
at  top  efficiency.  The  tables  below  outline  the  essential  features  of  this 
new  high  vacuum  pump. 


PHYSICAL  DATA 

High  Vacuum  Flange . 6'  l.d.,  9'  e.d.  •'  bolt  circle 

Forepump  Flange  ..  .  .  SVc  '  l.d.,  '  o.d.  3  5/ 1 6  '  bolt  circle 

Height . . 

Length . . 

Width . ’  [  ] 

Conctruction: 

Casing  .  .  .  .• . Seamless  Steel 

Jet  Assembly . Aluminum  and  Steel 

. Water 

'^•*9*** . .  .  Approx.  40  lbs. 

OPUATION  DATA 

Amount  of  Oil . 500  grams 

Recommended  Oil . Octoll  or  Octoil-S 

Forepressure . . 0.10  mm 

Heater  Power .  800  watts 

Heater  Current . 7.0  amp. 

Heater  Voltage . .  volts  A.C.  or  D.C. 

SP®®**-' .  700  1/s 

Ultimate  Vacuum . .  x  10-^  at  2S°  C. 


PERFORMANCE 


Vacuum  Equipment  Division 

DISTILLATION  PRODUCTS,  INC. 

Rochester  13,  N.  Y. 


ond  others 


FREQUENCY-  MODULATED 

PULSED  POWER  SUPPLIES 


adjustable  from  0  to  full  output 


Beta  Electronics  Company 
Equipment 

ioj  been  purchased  by 
foUowtng. 


Beit  Telephone  lobs. 

’’Allet*  1.  DuMont  lobs. 

U.  S.  Novy  '  ®  ; 

.  .-V:  '  ■  .  a 

Mossochusetts  Institute  of  Technology ' 
Douglas  Aircrofi  Co.  v 

'^Northern  American  Philips  Co.  , 
PrirKeton  University 
Americ(/t  Cyortomide  Co. 

^Sylvonio  Electric  Co. 

'■*'  ./T 

Winchester  Repeating  Arms  Co. 

-  ■■■■ 

Horvord  University 

'^  G.  0.  Seorle  &  Co.  .  . 

i"  • 

U.  $•  Televisron  Corp. 

University  of  Colifornio  ot 

tos  Angeles 


15 
K.  V. 
10 

OUTPUT 

5 


1  *  ^ 

I  I  I 

1  «  1  i  I _  .li... 

.2  .4  .6  .8  LO 
M.  A.  LOAD 


Model  50 1 -E 


A  new  regulation  principle  for  pulsed 
power  supplies  results  in  the  regulation 
curves  shown  at  the  left. 


Additionol  Features 


Ligfu-W eight  —  Model  501-E,  0  to  15 
KV,  weighs  23  lbs.  Housed  in  compact 
cabinet  9"  x  7"  x  15". 


Safe  —  High  operating  frequency  per¬ 
mits  use  of  low  filter  capacitances.  In¬ 
herit  sharp  cut-off  at  overload  pro¬ 
tects  circuit  components  and  personel 
from  short-circuits. 


Output  Kilovoltmeter  —  Full  scale 
accuracy  of  3%. 


Low  Power  Consumption  —  65  V  .A. 
from  115  V,  60C  line. 


Also  available  in  0  to  30  KV  range 


Other  BETA  instruments  include: 

MODEL  301  ELECTRONIC  MICROAMMETER;  Cannot  be  damaged 

by  any  degree  of  overload.  Full  scale  ranges  from  0.01  microamperes  to 
100  microamperes. 

SERIES  101  KILOVOLTMETERS:  50,000  ohms  per  volt  instruments, 
20  microamperes  full  scale  drain,  available  in  ranges  up  to  50  KV. 
Portable,  compact,  safe.  Can  be  used  without  turning  off  high  voltage  to 
connect  meter. 

MODEL  201— 0  TO  30  KV  DC  POWER  SUPPLY;  A  portable, 

rectified  60  cycle  power  supply.  Variac  controlled.  Currents  up  to  2  m.a. 
may  be  drawn. 

High  voltage  power  supplies  up  to  150  KV  made  to  your  specifica¬ 
tions. 

for  further  information,  write  or  wire  to: 

BITA  HtCTROMICS  iOMPAtfr 

Dept.  E-O  1762  third  Avenue  New  York  29,  N.  Y. 
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to  IP  kv  is  arranged  for  rapid  oper¬ 
ation.  Breakdown  voltages  can  be 
determined  with  a  minimum  of 
damage.  Full  manual  control  al¬ 
lows  selection  of  desired  output 
voltage.  Safety  to  personnel  and 
equipment  is  insured  in  the  design. 


Low-Power  Tetrode  (20) 

Eitel-McCullough,  Inc.,  San 
Bruno,  Calif.  Availability  of  the 
new  type  4-65A  low  power  tetrode 
using  a  6-volt  thoriated  tungsten 
filament  has  just  been  announced. 


iust  like  an  Adlake  Relay 


Silent,  positive  action  is  just  one  of 
many  Adlake  Relay  advantages! 

Other  importeint  ones  are: 

•  Hermetically  sealed  contact  mecha¬ 
nism — impervious  to  dust,  dirt  and 
moisture. 

•  Liquid  mercury-to-mercury  contact 
— no  burning,  pitting  or  sticking. 

•  Armored  against  outside  vibration 
or  impact — designed  for  either  sta¬ 
tionary  or  moving  equipment. 

Remember,  whatever,  your  relay  needs 
may  be,  there’s  an  Adlake  Relay  to  do 
the  job.  So  write  today  for  free,  illus¬ 
trate  folder.  No  obligation,  naturally. 
Address:  The  Adams  &  Westlake  Com¬ 
pany,  1107  N.  Michigan,  Elkhart,  Ind. 


Good  performance  is  obtained  well 
above  200  me  and  a  single  tube 
operating  at  2,000  volts  will  provide 
200  watts  of  power  output  in  Class 
C  or  f-m  telephony  service.  The 
tube  is  priced  at  $14.50 


ADLAKE  RELAY  MODEL  NO.  1040 


Variable  Capacitor  (21) 

North  American  Philips  Co., 
Inc.,  100  East  42nd  St.,  New  York 
17,  N.  Y.  A  new  air-dielectric  vari¬ 
able  capacitor  with  a  range  of  30  to 


Ettablichad  1857  •  ELKHART,  INDIANA  •  N«w  York  •  Chicago 
Monufocturort  of  Adlako  Hormolically  Soalod  Morcury  Relays  for  Timing,  Load  and  Control  Circuitt 


hut  ¥/hich  /s  best  for  you? 


Do  you  need  a  source  of  d-c,  where  space  and  allow¬ 
able  weight  must  be  held  to  a  minimum?  General 
Elearic  has  the  answer  ...  a  selenium  rectifier. 

Must  equipment  operate  where  it  is  subjea  to  in¬ 
termittent  overloads  of  short  duration?  The  answer 
will  probably  be  a  copper-oxide  rectifier. 

Perhaps  exceptionally  low  cost  is  the  most  im¬ 
portant  requirement  .  .  .  then  you  will  want  to  con¬ 
sider  General  Electric  Tungar  rectifiers. 

But,  regardless  of  what  application  you  have  in 
mind,  your  first  step  should  be  to  consult  a  General 
Elearic  rectifier  specialist.  With  his  years  of  practical 


experience  with  the  only  manufacturer  of  all  three 
basic  types  of  low-voltage  rectifiers,  he  is  thoroughly 
qualified  to  give  j^ou  impartial  advice. 

After  considering  all  factors  such  as  size,  weight, 
performance  characteristics,  and  cost  that  affea  your 
designs,  the  General  Electric  engineer  can  readily  de¬ 
termine  the  best  reaifier  for  you. 

Why  not  take  advantage  of  our  engineering  serv¬ 
ice  now?  There  is  no  obligation.  Just  ask  your  local 
General  Electric  representative  to  call,  or  send  your 
problem  to  Seaion  A98-1031,  General  Elearic  Com¬ 
pany,  Bridgeport  2,  Conneaicut. 

*  Trade-mark  Reg.  U,  S.  Pat.  Off. 


ELECTRONICS  —  Octobett,  1947 


199 


THE  VICTOREEN  INSTRUMENT  CO 
5806  HOUGH  AVENUE 
CLEVFlArJO  J  OHIO. 


NEW  PRODUCTS 


Qualify  components 
measurement 


are  essential  to  the 
L  of  radiation 


1  between  maximum  and  minimum 
capacitance  has  a  maximum  outside 
diameter  of  i  inch  and  an  overall 
length  of  13  inches.  Flash  rating  is 
500  volts  and  capacitance  is  adjust¬ 
able  from  6  to  150  micromicro¬ 
farads.  The  curve  is  substantially 
linear  with  rotation. 


Victoreen  Hi>Megohm  resistors  in 
a  range  of  values  from  100  meg* 
ohms  to  10,000,000  megohms  fill 
on  urgent  need  in  the  production 
of  sensitive  instrumentotion.  Un* 
usual  stobility  with  low  voltage 
and  temperature  coefficients 
within  the  recommended  oper* 
oting  ranges.  Vacuum  seated 
In  glass  with  special  surface 
treatment. 


Positioning  Mechanism  (22) 

Collins  Radio  Co.,  Cedar  Rapids, 
Iowa.  The  type  496A  Autotune  is 
a  repositioning  mechanism  primar¬ 
ily  designed  as  a  tuning  control  for 
home  radio  receivers  and  industrial 


The  VXR-130  subminiature  gas¬ 
eous  voltage  regulator  tubes  pro¬ 
vide  a  new  production  and 
laboratory  tube  innovation.  It 
supplies  very  close  regulation 
with  extreme  stability  where 
regulation  must  be  maintained 
over  a  long  period  of  time. 
Operation  is  at  130  volts  at  an 
operating  current  range  of  1.0  to 
2.5  ma.  Write  for  particulars. 


A  new  low  microphonic  feature 
recently  incorporated  in  the  VX 
series  of  subminiature  electro¬ 
meter  tubes  takes  its  place  be¬ 
side  such  othtfr  characteristics  as 
filament  current  of  10  ma.  and 
grid  resistance  of  better  than  1015 
ohms  which  are  unobtainable  in 
any  other  tube.  Designed  to 
make  fine  instrumentation  even 
better.  Available  also  as  diodes, 
triodes  and  tetrodes. 


Victoreen  provides  a  complete  range  of  instruments  for 
measurement  and  proteaion  in  the  field  of  nuclear  physics 
including  Geiger-Mueller  counting  systems  and  scaling 
circuits  for  the  laboratory  or  portable  instruments  for 
field  service.  The  experience  of  twenty  years  devoted 
exclusively  to  radiation  instruments  assures  quality  per¬ 
formance. 


equipment.  It  provides  10  positions 
and  reset  accuracy  is  within  0.05 
degree.  Remote  operation  is  by 
pushbutton  or  tap  switch.  Maxi¬ 
mum  operating  time  required  is  six 
seconds. 


High  Frequency  Motor 
Generator  (23) 

Kato  Engineering  Co.,  Mankato, 
Minn.  A  new  14-pole  generator  de¬ 
signed  to  run  at  3,440  rpm  produces 
1,000  volt-amperes  at  400  cycles.  A 
4-pole  motor  with  four  sets  of 


The  VG  series  mica  window  Geiger-Mueller  Counter 
is  designed  for  exacting  laboratory  requirements. 

Production  is  closely  controlled  for  uniform  and  con¬ 
sistent  tube  characteristics.  Highly  regarded  and  recom¬ 
mended  by  research  and  laboratory  engineers. 

Offered  in  window  thicknesses  from  4.5  to  2.0  mgm. 
per  sq.  cm.  Plateau  length  200  volts,  slope  of  plateau 
less  than  5%  per  100  volts. 
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35  mm  Fairchild  Oscillo-Record  Camera 


Once  again,  Fairchild  has  met  a  great  need  of  the  electronic 
laboratory —with  the  first  general  purpose,  easy  to  use  camera 
ever  designed  specifically  for  recording  both  single  exposures 
or  continuous  recordings  of  cathode  ray  oscilloscope  images. 

Fairchild’s  new  oscillo-RECORD  camera  is  so  simple  to 
set  up  and  operate  that  anyone  in  the  laboratory  can  make 
perfect  photographic  records  of  high-speed  transients,  sta¬ 
tionary  patterns  of  periodically  recurring  phenomena,  or  any 
other  type  of  phenomena  that  can  be  put  on  a  cathode  ray 
oscilloscope. 

Fairchild’s  new  oscillo-record  camera  can  be  attached 
or  removed  from  the  oscilloscope  instantly  without  tools. 
Special  mounts  make  positioning  automatic  and  leave  all 
oscilloscope  controls  unobstructed.  The  camera  is  perma¬ 
nently  in  focus  and  can  be  loaded  and  operated  in  ordinary 
room  light.  The  scope  may  be  viewed  during  recording  and 
hand  written  data  may  be  recorded  directly  on  the  film  for 
permanent  record.  And  no  special  adapters  or  changes  in 
camera  equipment  are  required  to  shift  from  single  exposures 
to  continuous  recordings. 

Want  more  details?  Address:  88-06  Van  Wyck  Boulevard, 
Jamaica  1,  New  York. 


Records  BOTH  Still  and  Continuous 
Cathode  Ray  Osciiioscope  Images 


Specifications:  The  complete  Fairchild  assembly  consists  of  a 
35  mm  roll  film  Camera,  Electronic  Film  Speed  Control  Unit, 
Periscope  Cone,  Mount,  Cables  and  Data  Card  Unit. 

Film  Speed:  1  inch  per  minute  to  3,600  inches  per  minute. 

Exposure  Capacity:  Single  exposures  up  to  double  frame 
length.  Continuous  exposures  up  to  100  feet  internal;  400  to 
1,000  feet  with  external  magazine. 

Recording  Time:  With  100  foot  reels  — 20  seconds  to  20  hours; 
1,000  foot  reels  — 3  Va  minutes  to  SVa  days.  Speed  is  recorded 
along  edge  of  film. 

Lens  and  Shutter:  50  mm  f/2.8  lens  in  a  Wollensak  No.  2  shut¬ 
ter  (f/T.5  lens  optional)  1  to  1/400  second  shutter  speeds. 

Data  Record:  A  data  card  can  be  recorded  at  the  beginning  or 
end  of  each  run. 

Film  Record:  The  cathode-ray  beam  writes  a  continuous  rec¬ 
ord  either  back  and  forth  across  the  film  when  the  “X"  axis  is 
used;  or  diagonally  across  the  film  when  the  “Y”  axis  is  used. 
The  scope  may  be  viewed  while  the  camera  is  recording. 


CAMERA 

AND  INSTRUMENT  CORPORATION 


makers  OF:  AERIAL  CAMERAS,  MEDICAL  X-RAY  CAMERAS.  POTENTIOMETERS,  SOUND  EQUIPMENT,  SPECIAL  MOTORS,  ETC 
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It’s  Better  Beraese  It’s  Bendix! 
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Aviation  Standard 


-Bendix  DYNAMOTORS 


:S-C 

•  !'"*'•»  dwol, 

^  '»  »»«/  / 


STANDARE 

RATINGS 

MecM 

From* 

Siia 

Input 

Veitt 

Output 

Volta 

Output 

Wotta 

Approx. 

Wolght 

DA5SA 

2%' 

14 

250 

15 

2lb.12oz. 

DA1A 

14 

230 

23 

51b. 

DA77A 

4' 

5.5 

600 

104 

91b.  12oz 

DA1F 

4VS' 

25 

540 

243 

111b.  8oz. 

DA7A 

5*/4' 

26.5 

1050 

420 

261b.  10  oz. 

RED  BANK  DIVISION  of 
RmI  Bank,  Naw  JorMy 


NEW  PkOOUCTS  (centlnu«d) 

brushes  is  provided.  Approxi¬ 
mately  7  percent  regulation  is  pos¬ 
sible  with  unity  power  factor.  Net 
weight  of  the  total  equipment  is  210 
pounds.  * 


Magnetic  Mercury  Switch  (24) 

Minneapolis  -  Honeywell  Regu¬ 
lator  Co.  A  magnet  attached  to 
an 'actuating  mechanism  is  used  to 


pull  one  switch  electrode  out  of  a 
mercury  pool,  thus  breaking  a  cir¬ 
cuit.  The  switch  may  also  be  op¬ 
erated  in  the  reverse  direction  so 
as  to  close  a  circuit. 


F-M  Tuner  (25) 

Browning  Laboratories,  Inc.,  751 
Main  St.,  Winchester,  Mass.  Model 
RV-10  f-m  tuner  covers  the  range 
88  to  108  megacycles.  The  Arm¬ 


strong  circuit  using  double  limiters 
is  employed  to  attain  suitable  re¬ 
ception  with  a  10-microvolt  signal. 
Antenna  input  is  designed  for  300- 
ohm  feeder  and  a  tuning  indicator 
is  provided.  Complete  with  power 
supply,  the  unit  is  also  available 
with  standard  panel  for  rack 
mounting  and  is  designated  RV-11. 


Heavy  Duty  Thyratron  (26) 

Federal  Telephone  and  Radio 
CoRP.,  Newark,  N.  J.  A  new  16,000 
volt  mercury  vapor  thyratron  type 
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TRADE  MARK 


Carborundum"  and  "Glohar"  are  registered  trademarks  which  indicate  manufacture  by  The  Carborundum  Company 
electronics  — Oc#oi»«f.  IW  '  203 


GLOBAR 


Ceramic  Resistors 


ii  Where  Temperature 
Changes  Affect  Performance 


Resistors  possessing  negative  tempera- 
-  ture  coefficients  of  elearical  resistance 
are  useful  in  electrical  circuits  involving  wire 
coils.  Changes  in  the  temperature  of  the  coils 
affea  their  resistance  thus  adding  a  variable 
to  the  overall  performance  of  devices. 

Aircraft  instruments  are  an  excellent  example. 
Because  aircraft,  equipped  with  hundreds  of 
instruments,  operate  at  extreme  and  varying 
temperatures,  it  is  important  that  instruments 
and  important  circuits  are  corrected  for  these 
changes  in  temperatures.  This  can  be  done 
by  inserting  resistors,  having  a  negative 
coefficient  of  resistance,  in  the  circuits.  Here, 
they  offset  the  positive  coefficient  of  wire 
used  in  relay  windings,  field  coils,  and  the 
moving  elements  of  meters. 

GLOBAR  ceramic  resistors  offer  a  wide  range 
of  compensation  as  shown  in  this  graph. 
The  curves  were  plotted  from  performance 
data  of  resistors  seleaed  at  random. 

The  degree  of  compensation  obtainable  is 
within  the  control  of  the  circuit  designer. 

TYPICAL  SUGGESTED  USES  ARE: 

1  Temperature  correction  for  voltmeters, 
ammeters,  and  other  meters. 

2  Compensation  for  increase  in  resistance 
of  motor  and  generator  field  coils. 

SCompensatior^for  increase  in  resistance 
of  relay  coils. 

4  Direct  measurement  of  low  temperature 
up  to  400°F. 

SPtotection  of  the  cathode  heaters  of  vac¬ 
uum  tubes. 

6  Protection  of  pilot  lights  in  A.C.  D.C. 
radio  receivers. 

"J  Pilot  flame  protection. 

The  Carborundum  Company,  Globar  Divi¬ 
sion,  Niagara  Falls,  New  York. 


TEMPERATURE  IN  DEGREES  CENTRIGRADE 


NEW  PRODUCTS 


(coiitlnu«4| 


F-5563  has  been  designed  for  both 
communications  and  industrial  use. 
Grid  voltage  in  typical  service 
would  be  minus  70  volts.  Average 
anode  current  is  1.6  amperes  and 
peak  current  6.4  amperes. 


Auditorium  Speaker  (27) 

Altec  Lansing  Corp.,  250  West 
57th  St.,  New  York  19,  N.  Y.  For 
small  •  auditoriums  and  theaters 
seating  up  to  1,000,  the  new  type 


Designed  for  use  wherever  high  fidelity  reception  is  required,  the 
new  postwar  Meissner  AM-FM  Tuner  and  AM  Tuner  are  now  avail¬ 
able  for  your  most  exacting  requirements  .  .  .  Both  of  these  new 
precision  designed  components  cover  the  broadcast  band  from 
527  to  1620  kcs.  and  the  AM-FM  Tuner  also  covers  the  FM  band 
from  88  to  108  mcs.  At  105-125  volts,  50-60  cycles,  power  con¬ 
sumption  is  80  watts  for  the  AM-FM  Tuner  and  60  watts  for  the 
AM  Tuner.  For  further  more  complete  information  on  these  new 
quality  units,  write  today  to  the  address  below; 


800  speaker  gives  a  frequency  re¬ 
sponse  from  50  to  15,000  cycles. 
Two  speaker  units,  one  for  low- 
frequencies  and  the  other  for  high, 
are  provided.  Depth  of  the  equip¬ 
ment  is  23  inches. 


Pickup  Adapter  (28) 

Technical  Products  Interna¬ 
tional,  453  West  47th  St.,  New 
York  19,  N.  Y.  The  Vibromaster 
type  M  adapter  makes  it  possible  to 
use  the  G-E  variable-reluctance 


MAGUIRE  INDUSTRIES,  INC. 

500  W.  HURON  STRiET  •  CHICAGO  10,  IlllNOIS 

EXPOIT  ADDIESS:  SCHEEL  INTERNATIONAL 
4237  N.  LINCOLN  AVE.,  CHICAGO  18,  III.  CAIIE-HARSCH  EEL 
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HERE'S  WHAT  THE  SMALL  STATION  NEEDS!  ' 


. . .  Study  these  RAYTHEON  features 
before  you  choose  any  transmitter, 
for  replacement  or  new  installation. 

1  Simplified,  More  Efficient  Circuits  —A  high 

*•  level  modulation  system  eliminates  necessity  of 
complicated  and  critical  adjustment  of  linear 
amplifiers  and  minimizes  harmonic  distortion. 

O  Increased  Operating  Efficiency —The  use  of 
the  most  modern  improved  components  which 
are  operated  at  well  below  their  maximum 
capacity  together  with  simplified  circuit  design 
greatly  increases  overall  operating  efficiency. 

0  Greater  Dependability  —  Due  to  the  use  of 

Triode  type  tubes,  feedback  failure  will  not 
cause  a  complete  breakdown  and  the  signal 
quality  will  still  be  good.  Cooled  by  natural 
convective  air  currents,  it  is  not  subject  to  dam¬ 
age  or  fire  caused  by  a  blower  failure. 

^  Simple,  Speedy  and  Accurate  Tuning— All 

’•  operational  controls  are  centralized  on  the 
front  panel:  every  circuit  is  completely  metered 


and  instantly  checked.  A  clutch-equipped  low- 
speed  motor  makes  micrometer  adjustment  of 
the  two  tuned  stages  very  easy. 

R  No  Buffer  Stage  Tuning— The  use  of  a  Video 
type  amplifier  in  the  buffer  stage  eliminates 
this  complicated  tuning. 

C  Silent  Operation  —  Natural  air  cooling  means 
no  blower  noise,  permits  microphones  in  same 
room  with  transmitter. 

• 

7  Low  Audio  Distortion  —  Triode  type  tubes  used 
■  ain  the  audio  stages  have  inherently  lower  dis¬ 
tortion  level.  Specially  designed  audio  trans¬ 
formers  reduce  audio  distortion  still  further. 

8  Easy  Servicing —Vertical  chassis,  symmetrical 
•  mechanical  layout  and  complete  accessibility 
through  double  rear  doors  and  hinged  side 
panels  make  the  RA-250  a  favorite. 

9  Easily  Meets  All  F.C.C.  Requirements— All 

•  electrical  characteristics  are  well  within  the 
F.C.C.  requirements.  Noise  level  is  —60  db 
below  100%  modulation.  Frequency  response 
db  from  30  to  10,000  cycles  per  second. 


by  mean 


Here  s  the  AM  Transmitter  that  small-station  owners  are  turning 
to...  for  its  dependable,  simpler  circuits ...  its  advanced  design 
. . .  its  modern,  "dress-up"  beauty! 


Mask  and  Protector  (29) 

Telectro  Ck)MPONENTS,  141  Belle¬ 
ville  Ave.,  9,  N.  J.  In  sizes  for  all 
standard  picture  tubes,  there  is  now 
available  a  combination  picture 


NEW  PRODUCTS  (eonUiiu,^) 

pickup  .or  the  Pickering  120M  car¬ 
tridges  in  the  Western  Electric  5A 
arm.  A  slight  wiring  chanee 
necessary  between  arm  and  pream¬ 
plifier,  but  the  cartridge  lugs  need 
no  soldering. 


•  By  training  young  doctors  in  step-by-step  surgery,  the 
magnetic  recorder  you  design  can  be  a  teaching  weapon 
that  helps  fight  pcdn  and  death.  There  ore  endless  fields  in 
leaching  alone  that  magnetic  recording  will  revolutionize. 
Start  this  vast  new  industry  off  right — look  into  Brush 
Magnetic  recording  components  today: 

Brush  Paper  Tape 


^  Easy  to  hondlo 
Extremo  low-cost 
^  Can  bo  edited  .  .  .  spliced 
Greater  dynctmic  range 
Minimum  wear  on  heads 

Brush  Paper  Tape  will  be  furnished  you  either  in  bulk  in  varying  widths  or 
1225  ft.  i4-inch  wide  on  a  metal  reel  (standard  item). 

These  latest  developments  in  magnetic  recording  equipment  can  now  be 
obtained  for  radio  combinations  and  other  uses.  Brush  engineers  are  ready 
to  assist  you  in  your  particular  use  of  magnetic  recording  components. 


^  Excellent  high  frequency  repro¬ 
duction  at  slow  speed 

^  Permonent  .  .  .  excellent  repro¬ 
duction  for  several  thousand 
ploy-backs 

Easily  erased 


The  Brush  development  Co, 

Cleveland  14,  Ohio 


tube  mask  and  protective  plate 
made  of  optical  plastic.  Shadowed 
corners  are  eliminated  and  the  en¬ 
tire  picture  tube  surface  can  be 
viewed.  Back  view  is  shown  at 
the  left,  and  front  at  the  right. 


Vending  Machine  Relay  (30) 

General  Electric  Co.,  Schenec¬ 
tady  5,  N.  Y.  A  new  multicontact 
a-c  relay  designed  specifically  for 
appliances  and  vending  machines  is 


available  in  ratings  of  5  amperes. 
115  volts,  and  5  amperes,  24  volts. 
Additional  information  is  given 
in  bulletin  GEA  4864. 


Voltage  Regulator  (31) 

Sorensen  and  Co.,  Inc.,  Stamford 
Conn.  Model  E-3006  voltage  regu¬ 
lator  provides  6  volts  and  0  to  30C 


your  magnetic  recorder 

can  help  fight  death 


) 
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Tn  any  laboratory  where  electrical  equipment 
is  used  this  self-contained,  portable,  direct- 
reading  bridge  is  indispensable.  It  is  always  set 
up  and  ready  for  immediate  use.  Its  accuracy  is 
sufficient  for  the  majority  of  routine  measure¬ 
ments  over  these  very  wide  ranges: 

RESISTANCE:  1  milliohm  to  1  megohm 

.INDUCTANCE:  1  microhenry  to  100  henrys 

CAPACITANCE:  1  micromicrofarad  to  100 
microfarads  • 

STORAGE  FACTOR  (X/R):  .02  to  IC^ 

DISSIPATION  FACTOR  (R/X):  .002  to  1 

The ’bridge  includes  built-in  standards,  bat¬ 
teries,  a  1000-cycle  tone  source  for  a-c  measure¬ 
ments,  a  zero-center  galvanometer  d-c  null  de¬ 
tector  and  terminals  for  a  headset  for  1000-cycle 
null  detection.  Provision  is  made  for  use  of  an 
external  generator  for  measurements  over  a 
wide  range  from- a  few  cycles  to  10  kilocycles. 
Direct-reading  dials  add  greatly  to  the  ease  and 
rapidity  with  which  measurements  can  be 
made. 

TYPE  650-A  IMPEDANCE 

BRIDGE . $240.00 

Write  for  complete  information 


Thit  utefvl  accessory  converts  the  Type  650-A  bridge 
to  <K  operation.  It  indud«t  a  vacuum-tube  osci/fotor. 
amplifier,  and  rectifier  for  providing  dc  for  the 
bridge.  All  are  mounted  in  a  metal  cabinet  with  top 
control  panel  which  replaces  the  wooden  cover  used 
on  the  battery  compartment.  The  sensitivity  of  the 
bridge  is  increased  greatly  with  this  oscillator- 
amplifier  for  both  a-c  and  d-c  measurements.  TYPE 
650-PI  OSCILLATOR-AMPLIFIER  —  ilSO.OO. 


GENERAL  RADIO  COMPANY 


Cambridge  39, 
Massachusetts 


90  West  St.,  New  York  6 


920  S.  Michigan  Ave.,  Chicago  5 


9S0  N.  Highland  Ave.,  Los  Angeles  38 


:  }  • 
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Wh*n  you  need  supplies  and  replacement  parts  fast,  specify  Air 
Express — and  forget  your  worries.  Your  shipment  arrives  in  hours, 
not  days.  Air  Express  brings  your  most  distant  suppliers  close  at 
hand.  Even  coast-to-coast  overnight  shipments  are  now  routine. 

Because  Air  Express  goes  on  every  flight  of  ail  Scheduled  Airlines, 
your  shipments  never  "grow  moss” — never  have  to  wait  around  for, 
loads  to  accumulate.  Rates  are  low,  and  you’re  getting  better  service 
than  ever  because  of  faster  planes  and  increased  schedules.  For 
better,  more  profitable  customer  service,  use  Air  Express  regularly. 

Spe&(j^  Ait  Bcpress-it^  Good  Business 

•  Low  rates — special  pick-up  and  delivery  in  principal  U.S.  towns  and 
cities  at  no  extra  cost.  •  Moves  on  all  flights  of  all  Scheduled  Airlines. 

•  Air-rail  between  22,000  off-airline  offices. 

•  Direct  air  service  to  and  from  scores  of  foreign  countries. 

Just  phone  your  local  Air  Express  Division,  Railway  Express  Agency, 
for  fast  shipping  action  .  .  .  Write  today  for  Schedule  of  Domestic  and 
Internationail  Rates.  Address  Air  Express,  230  Park  Ave.,  New  York  17. 
Or  ask  for  it  at  any  Airline  or  Railway  Express  Office.  Air  Express 
Division,  Railway  Express  Agency,  representing  the  Scheduled  Airlines 
of  the  United  States. 


/5««r - 

Fattest  delivery — at  low  rates 

Refrigerator  parts  (120  lbs.)  in  Detroit  were 
needed  in  West  Palm  Beach  /ast.  Picked  up 
4:20  PM  the  16th,  delivered  10  AM  on 
17th.  1135  miles.  Air  Express  charge  onlv 
340.32.  Other  rates,  any  distance,  similarly 
inexpensive  and  fast. 


volts  d-c  output  with  input  voltage 
over  the  range  95  to  125  volts  (reg¬ 
ulation  for  the  high  voltage  is  even 
better).  *  The  low- voltage  supply 
furnishes  up  to  15  amperes  and  the 
high  voltage  up  to  100  milliamperes. 
Input  frequency  can  vary  between 
50  and  60  cycles.  The  unit  has  been 
built  with  testing  of  instruments 
in  mind. 

Olimnieter  (32) 

Associated  Research,  Inc.,  231 
South  Green  St.,  Chicago  7,  Ill.  A 
new  precision  ohmmeter  measures 
from  1  to  100,000  ohms  in  four 


overlapping  ranges.  Two  No.  6  dry 
cells  are  used  to  operate  the  instru¬ 
ment.  The  model  246  ohmmeter  is 
fully  described  in  Bulletin  350. 

Magnetic  Tape  Recorder  (33) 

Sound  Recorder  and  Reproducer 
CORP.,  5501  Wayne  Ave.,  Philadel- 
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Mo.  C-971. 


Hg.  1  — The  magnets  employed  in  this  particular  damping  application  ore  provided  in  ^ 
Abtko  II — which  is  cast  with  mounting  holes  cored.  The  necessity  to  adjust  the  damping 
posed  an  unusual  problem  in  magnet  engineering  and  fabrication — and  in  quality  con-  • 
trol.  Note  the  small  nub  on  the  magnet  vrhich  serves  as  a  pointer  in  the  installation. 


ADJUSTABLE 

MAGNETIC  DAMPING 

'  As  applied  by  Esterline- Angus  Company,  Inc., 
of  Indianapolis,  Indiana,  on  a  Model  A.  W. 
Electrodynamometer  Instrument  Movement 

£ 
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Fig.  2 — Each  magnet  is  installed  so  that  it  may  be  rotated  on  its  own 
axb.  Rotation  of  the  magnet  ct\pnges  the  position  of  the  poles  with 
^  respect  to  the  moving  vane  pauing  through  the  magnetic  field  and  by 
this  method,  damping  is  adjusted  for  optimum  operation.  The  photo 
at  lower  left  shows  the  complete  measuring  element  of  the  instrument. 


Fig.  3 — The  range  of  damping  which  these  magnets  make  possible 
is  shown  by  the  chart  on  which  response  curves  were  plotted  through  a 
three-second  period  for  each  magnet  position  os  indicated  by  a  calibra¬ 
tion  on  the  magnet  adjustment  scale  shown  in  Fig.  2. 


•  This  is  but  one  of  many  adjustable  and  con¬ 
stant  magnetic  damping  problems  solved  by  the 
vrealth  of  technological  and  fabrication  skill  devel¬ 
oped  by  Thomas  &  Skinner  engineers  and  crafts¬ 
men  through  46  years  of  permanent  magnet  design 
and  production.  Your  inquiries  on  the  application  of  permanent  magnets 
to  your  products  are  solicited  —  and  will  be  given  prompt  attention. 
Write  for  the  latest  technical  bulletin  on  use,  design  and  fabrica¬ 
tion  of  permanent  magnets. 


TIME  IN  SECONDS 


JUNE  12,  1941. 


(>»««» 

■«» 
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NEW  PRODUCTS  (continutdi 

phia,  Pa.  The  Magnesonic  reccrder- 
reproducer  uses  magnetic  tape  fur. 
nished  on  ^  reels  that  aceomrri  date 
up  to  an  hour’s  program.  The  ap- 
paratus  has  sufficiently  great  audio 
range  to  allow  recording  of  music 
and  is  designed  primarily  for  home 
use. 


Jnduetrial  Switch  (34) 

Micro  Switch,  Freeport,  Ill.  Type 
N2  die-cast  enclosed  switch  is  de¬ 
signed  particularly  for  cam  and 
slide  actuation  in  industrial  appli. 
cations.  A  synthetic  rubber  boot 


Courtesy  Bell 
Aircraft  Corp. 


Before  you  solder 
be  sure  of  your  FLUX 


Don't  risk  solder  bond  breakage  because  of  incorrect  flux!  Every  soldering 
operation  has  its  own  specific  requirements  for  a  tight,  clean  bond.  That's 
why  Kester  has  developed  hundreds  of  flux  formulas  to  meet  exact  specifications 
for  every  flux  need. 

Salts  paste,  or  liquid — you  can  count  on  Kester  Fluxes  in  any  form  to  properly 
clean,  prevent  oxidation  and  pave  the  way  for  reliable  solder  bonds. 

Half  a  century  of  practical  experience  stands  behind  the  Flux  specifications 
of  Kester  engineers.  Consult  them  without  obligation  on  any  flux  problem. 


covers  the  operating  plunger  and 
a  gasket  seals  the  switch  unit  when 
it  is  mounted  on  rigid  conduit,  mak¬ 
ing  the  switch  impervious  to  mois¬ 
ture  and  dirt. 


Scopic  Camera  (35) 

Allen  B.  DuMont  Laboratories, 
Inc.,  2  Main  Ave.,  Passaic,  N.  J. 
Type  271-A  oscillograph  camera 
uses  35-mm  film  and  is  arranged 
with  a  fixed-focus  hood,  the  far  end 


KESTER  SOLDER  COMPANY 


4204  Wrightwood  Av«.,  Chicago  39,  Illinois 

oat:  Newark,  N.  J.  Caaadlaa  Plant:  Brantford,  Ontario 
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'Indispensable  to  the  exacting  assembly  of 

precision  electronic  instruments!" 

say  the  makers  of  the  Gray  RUDOGRRPH 


High  spots  from  an. independent  survey  .  .  .  part  of  a  continuing  study  by  James 
O.  Peck  Co.,  of  assembly  sacings  made  with  Phillips  Screws  in  leading  plants. 


◄  The  tpindle  lirirr  mechanism  miut  he  securely  posUioned 
teith  a  final,  firm  twist  of  the  drirer.  .Wo  burrs,’ no  fairer 
stippiue  alinced  in  this  maze  costly,  precision  units. 
You  can  do  that  with  a  Phillips  Screw. 

A  typical  “light"  application  in  which  the  perfect  fit  of 
the  drirer  hit  in  the  Phillips  Hecess  gires  the  operator 
complete  control  of  the  screw. 


■y 


“OliR  MAJOR  PROBLEM  on  the 
Aiidograph,  an  advanced  electronic 
soundwriting  machine,”  explained 
Gray’s  chief  engineer,  “is  assemb¬ 
ling  small  precision  components 
without  disturbing  fine  tolerance  or 
damaging  highly  finished  surfaces. 
Phillips  Screws  are  the  surest  so¬ 
lution  of  that  problem. 

"PRECISE  ASSEMBLY  EASIER  WITH  PHILLIPl 
The  perfect  fit  of  the  driver  in  the 
recessed  head  speeds  finding  the 
thread.  Operators  easily  position 
each  component  precisely.  Driving 


in  constricted  places  and  at  angles  is 
far  easier  with  Phillips  Screws. 

“AVOID  DRIVER  SLIPPAGE.  ’Skids’  would 
be  very  costly  where  so  many  pre¬ 
cision  units  and  expensively  finished 
parts  are  compactly  assembled.  The 
cost  of  such  damage  would  be  out  of 
all  proportion  to  the  cost  of  the 
parts  .  .  .  when  interruption  of  our 
production  due  to  disassembly  and 
reassembly  is  figured  in.  At  several 
points  even  a  slight  burr  on  a  screw 
head  could  disturb  the  precision  of  a 
vital  part.  Phillips  Screws  remove 


the  possibility  of  such  damage. 
“PHILLIPS  HEAD  IS  PART  OF  SMOOTH  STREAM¬ 
LINING.  The  neat,  modern  appear¬ 
ance  of  the  recessed  head  comple¬ 
ments  the  ultra  modern  design  of 
the  Audograph.” 

YOU’LL  FIND  ANSWERS  TO  QUESTIONS  about 
your  own  assembly  costs  in  the  com¬ 
plete  report  of  the  Audograph  t 
assembly  .  .  .  and  in  other  re-  /A 
ports,  covering  wood,  metal  and  /jA 
plastic  products . . .  FREE  on 
request.  Mail  the  coupon 
TODAY  1 


PHILLIPSie^  SCREWS 

Wood  Screws  .  Machine  Screws  •  Self-tapping  Screws  •  Stove  Bolts 


Amricai  Sernr  C*. 

Ctntiil  Saw  Cl. 
CantinMlalSaw  Ci. 

Colli  Saw  Oil.  il 
AmoicM  HCoi.  Cop. 

Elcc  Ton  t  Saw  Ciri. 

Tin  H.  M.  Hopir  Ci. 
InWnilMiilSaw  Cl. 

U’ntN  (  Sititiis  Cl. 

Milford  Rj\nl  mi  Machim  Ci. 
NaUm  Lick  Cl. 


NatiMil  Saw  !■  Mh.  Ci. 
Nw  EifliiiR  Saw  Cl. 
Parko-KilM  CopiriliM 
Pawtuckit  Saw  Ci. 


PhMR  Mawficturint  Ci. 

RiiSiiil  Saw  Cl. 

RumiI  larRuR  t  WarR 
Mt  t  Nut  Cl. 

SciiiN  Mimifacturint  Ci. 
Shakifriif  Ik. 

tin  SMiUiiiitM  HvRoiri  Mlf.  Cl. 
tin  StMl  CimpaiT  i(  CaniRa.  LU. 
Stolini  Ml  Cl. 

StrwclNM  Saw  PriRucti,  Ik. 
WHviriM  lilt  CiNpanT 


Phillipi  Scrow  Mfri.,  c  o  Horton-Noyei  ^ 

1SOO  Induftrial  Trust  lldg., 

ProvidancN/  A.  I. 

Send  me  reports  on  Assembly  Savings  with  Phillips  Screws. 
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MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


90t10  HIGH  FREQUENCY 
TRANSMITTER 

Th«  No.  90610  crystal  control  tranomittor  pro* 
Yi<ioo  7S  watt  outout  (ki^har  output  may  b« 
obtained  by  tha  uaa  ol  forcod  coolina)  on  the 
10-11,  6  and  2  matar  amataur  bands.  Provisions 
ara  mada  for  quick  band  ahift  by  means  of  the 
new  46000  aarlM  hifh  frequency  plug-in  coils. 

Crystal  and  circuit  development  on  **third 
overtone  frequency  output  crystals*'  has  made 
poaaible  this  highly  efficient  unit,  providing 
high  output  and  crystal  control  with  a  minimum 
of  tubes- 

The  No.  9M10  consists  a  Blil^  CCO-2A 
crystal  oecillator  unit,  using  a  €AG7  crystal 
oscillator,  a  2E26  triplar  and  an  629B  power 
amplilier  stage.  For  10  meter  operation,  a  con¬ 
ventional  crystal  is  used,  the  crystal  unit  driving 
the  829  direct.  For  €  meter  operation,  an  over¬ 
tone  crratal  la  used  in  the  crystal  stage  and 
drives  the  629  directly  as  a  power  amplilMr.  For 
2  meter  operation,  the  overtone  crystal  is  like¬ 
wise  used,  but  the  output  from  the  crystal  unit 
is  fed  through  the  2E26  tripler. 


NEW  PRODUCTS 


(continutd) 


of  which  clamps  to  the  usual  sup¬ 
porting  ring  of  a  5-inch  oscillo¬ 
scope.  All  controls  have  been  sim¬ 
plified  and  the  camera  is  adjustable 
in  every  possible  way  in  order  to 
photograph  waveforms  appearing 
on  the  screen. 


F-M  Antenna  (36) 

Workshop  Associates  Inc.,  66 
Needham  St.,  Newton  Highlands 
61,  Mass.  Type  FMT-1  antenna  is 
equal  to  or  superior  to  a  3-bay  half¬ 
wave  spaced  array  for  f-m  broad¬ 
cast  transmitting  on  the  high  band. 


The  radiation  is  horizontally  polar¬ 
ized.  Mechanically,  the  antenna 
consists  of  four  aluminum  alloy 
channels  rigidly  mounted  to  circu¬ 
lar  end  castings.  Provision  is  made 
for  mounting  a  standard  SOO-mm  ! 
beacon. 


Loudspeakers  (37) 

Permoflux  Corp.,  4900  West  Grand 
Ave.,  Chicago.  Ill.  A  new  line  of 


•  The  renown  of  Imperial  os  the  finest  In 
Tracing  Ooth  goes  bock  well  over  half  o 
century.  Draftsmen  oil  over  the  world  prefw 
It  for  the  uniformity  of  Its  high  transparency 
and  Ink-taking  surface  and  the  superb  quality 
of  Its  doth  foundation. 

Imperial  takes  erasures  readily,  without 
damage.  It  gives  sharp  contrasting  prints  of 
even  the  finest  lines.  Drawings  made  on 
imperial  over  fifty  years  ago  ore  still  os 
good  as  ever,  neither  brittle  nor  opaque. 

If  you  like  a  duller  surface,  for  dear,  hard 
pencil  lines,  try  Imperial  Pencil  Tradng  doth. 
It  it  good  for  ink  as  well. 


JAMES  MILLEN 
MFG.  CO.,  INC. 


Whatever  miniature  lamps  you  need... incandescent 


n«it  it 
half  0 
pr«f«r 
artncy 
quality 

D^ithout 
’inh  of 
do  on 
itill  01 
laquo. 
r,  hard 
Clolh. 


u 

IG 


or  neon-glow... GENERAL  ELECTRIC  makes  ’em  all! 


IRA# 

ERE 


DNIC5 


What  can  these 
little  bulbs  do  for 
your  product? 

This  brief  check  list  of 
typical  uses  may  suggest 
au  idea  to  you: 

Illuminated  dials 
Decorative  light  effects 
Safety  lighting 
Pilot  lights 
Lighted  toys 
Inspection  lights 
Lighted  signals 
Numeral  indicators 
Night  lights 
Pinball  games 
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WHAT  progressive  manufac¬ 
turer  doesn’t  ask  himself  al¬ 
most  daily — “How  can  I  make  my 
products  more  useful,  more  saleable, 
more  profitable?”  Many  designers 
answer  that  problem  by  using  in¬ 
expensive  miniature  G-E  light  bulbs 
to  add  safety,  convenience  and 
beauty  to  a  wide  variety  of  products. 

Whatever  job  you  may  have  for 

miniature  bulbs,  there  is  a  G-E 
lamp  that  will  suit  your  purpose 
exactly.  General  Electric’s  line  is 
complete — all  sizes  and  typ)es — all 
wattages  and  voltages  —  filament 
and  neon-glow  lamps — for  delicate 


service  or  heavy  duty.  And  the 
high  quality  of  every  bulb  is  backed 
by  G-E  Lamp  Research. 

To  make  sure  you  get  the  right 
lamp  for  your  application,  entrust 
the  selection  to  specialists  who 
know  all  kinds  of  miniature  lamps 
intimately.  G-E  Lamp  engineers 
have  the  experience  and  practical 
knowledge  to  assist  you.  Call  your 
nearby  G-E  Lamp  office  for  full 
information.  Ask  for  your  copy  of 
“Big  Jobs  for  Small  Bulbs”. 

General  Electric  Co.,  Lamp  Dept., 
Nela  Park,  Cleveland  12,  Ohio. 


C  E  lAMPS 


GENERAL  1^  ELECTRIC 
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American 

Beautu 


AMERICAN  ELECTRICAL 
HEATER  COMPANY 
DETROIT  2,  MICHIGAN 

.  established  1  894 


MANUFACTURING  CO. 

ni3  W  HUBBARD  ST..  CHICAGO  22 


NEW  PRODUCTS  (continuad) 

• 

loudspeakers  in  sizes  from  10  to  15 
inches,  using  either  permanent 
magnets  or  electromagnets,  will  re¬ 
produce  sound  from  30  to  12,000 
cycles.  Elliptical  speakers  and 
public  address  types  with  corrosion- 
resistant  finish  are  also  available. 


High-Voltage 

Oscilloscope  (38) 

Allen  B.  DuMont  Laboratories, 
Inc.,  2  Main  Ave.,  Passaic,  N.  J. 
Type  281  cathode-ray  indicator  and 
type  286  high-voltage  power  supply 
employ  a  type  5RP-A  tube  with 
overall  accelerating  potential  of  29 


ELECTRIC 


MIW  UNDERWRITER’S  APPROVED 

125  VOLT— CANDELABRA 

I  BAYONET  SOCKET  ASSEMBLIES 


/f  9  that  are  sturdily  built 
#  ^  for  the  hard  service  of 
r  B  industrial  usage.  Have 
plug  type  tips  and  are 
W  constructed  on  the  unit 
system,  with  each  vital 
part,  such  as  heating  ele¬ 
ment,  easily  removable  and 
replaceable.  In  5  sizes,  and 
from  50  watts  to  550  watts. 


t/OW  you  can  get  fine  Under- 
writer’s  Approved  candelabra 
Dial  Light  Socket  Assemblies  by 
DRAKE!  The  No.  900  series  is  de¬ 
signed  for  radio  use,  and  the  No. 
A900  series  for  general  use.  Both 
are  double  contact,  candelabra, 
bayonet  Assemblies  housing  115V 
household  type  lamps,  available 
from  5  to  25  wans.  They  are  U.L. 
approved  for  75W-125V  service. 
Can  also  be  used  with  6V  auto¬ 
motive  lamps. 

The  bayonet  type  eliminates  vibra¬ 
tion-loosened  lamps  and  requires 
less  space  than  screw  type.  Can  be 
supplied  with  any  prpe  mounting 
bracket.  Lead-in  wires  from  2 ’A" 
to  60".  Made  to  traditional  DRAKE 
standards  of  precision  and  rugged 
dependability.  Check  with  our  en¬ 
gineers  on  your  requirements, 
today! 


kilovolts.  Under  these  conditions 
writing  rates  as  high  as  400  inches 
a  microsecond  can  be  recorded. 
Magnetic  shielding  is  complete  so 
that  the  instrument  can  be  success¬ 
fully  used  near  power  buses,  and 
voltage  regulation  employed  allows 
operation  on  factory  power  lines. 


ASK  FOR  OUR  NEW 
CATALOG  •  NO  OBLIGATION! 


Totalizer  (39) 

R.  W.  Cramer  Co.,  Inc.,  Center- 
brook,  Conn.  Type  E7  running 
time  meter  illustrated  indicates  in 
tenths  up  to  10,000  hours  and  then 
repeats.  It  can  also  be  reset  from 


Socket  and  Jewel 
LIGHT  ASSEMBLIES 


. .  . _ _ ...  _  _ 

^  * 

■ 

L  aw.  r  ^ 
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• 
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DOUBLE  INLAY 


SINGLE  EOCELAY 


SINGLE  INLAY 


YOU  GET  SOLID  SILVER  CONDUCTIVITY 
PLUS  ECONOMY  WITH  GENERAL  PLATE 
LAMINATED  SILVER  METALS  AND  CONTACTS 


The  big  advantage  of  General  Plate 
Laminated  Silver  metals  and  contaas 
is  that  they  give  you  solid  silver  per¬ 
formance  at  a  fraction  of  the  cost  of 
solid  silver.  Why  —  because  General 
Plate  permanently  bonds  a  thin  layer  of 
silver  to  suitable  inexpensive  base  metal, 
thus  providing  a  contact  face  of  high 
electrical  conductivity  at  the  point  of 
actual  contact. 

General  Plate  Laminated  silver  metals, 
for  your  own  fabrication,  are  available 


with  silver  bonded  to  base  metal  in  the 
following  stock  .  .  .  overlay,  single  or 
double  inlay  and  single ordoubleedgelay. 
General  Plate  contacts  and  fabricated 
parts  are  made  to  customers  specifi¬ 
cations.  Laminated  contact  buttons, 
rivets  and  screw  type  contacts  are  also 
available.  Advantages  include  —  long 
contact  life,  greater  strength,  easier  fabri¬ 
cation,  and  easier  soldering,  brazing  or 
spot  welding. 

Write,  specifying  your  problems. 


GENERAL  PLATE  DIVISION 

of  Metals  &  Controls  Corporation 
A1TLEBORO,  MASSACHUSETTS 
50  Church  St.,  New  York,  N.  Y.;  205  W.  Wocker  Drive.  Chicago,  III.;  2635 

ELECTRONICS  —  October,  1947 


VISIT  OUrI 

1  BOOTH  No. 

exhibit! 

1  1t17 

1 

Pooe  Drive^ 

"  Altodeno, 

215 


In  Step  with  Electronic  Progress  ... 
Modern  Hermetically  Sealed  Instruments 


SEALED  LIKE  A  VACUUM  TUBE 

100%  GUARANTEED! 


Progressive  manufacturers  of  electronic 
equipment  declare  an  hermetic  seal  is  as  impor¬ 
tant  in  a  meter  as  it  Is  in  any  other  product 
component.  That*s  because  meters  are  just  as 
susceptible  to  the  harmful  effects  of  dust,  mois¬ 
ture,  corrosive  fumes  and  other  destructive  fac¬ 
tors  as  resistors,  capacitors  or  transformers. 


Therefore,  hermetically  sealed  meters  are  a 
*'must’*  in  achieving  top  product  performance. 

MARION  HERMETICS  ARE  NOT  PREMIUM  PRICED 

Marion  glaM-to-metal  hermetically  sealed  meters  otfer  you 
the  accuracy,  superiority  and  extended  life  of  an  hermeti¬ 
cally  sealed  component  at  a  price  no  higher  than  most 
competitive  unsealed  instruments.  All  Marion  hermetically 
sealed  instruments  are  100%  GUARANTEED. 


THE  NAME  "MARION"  MEANS 
the  "MOST"  IN  METERS 


INTER¬ 

CHANGEABLE 

lAARION 
“4  for  1”  FEATURE 


.  .  .  Unaffected  by  extremes  of  heat  or  cold  .  .  .  permanently 
protected  against  dust,  dirt,  moisture  .  .  .  instrument  malfunc¬ 
tioning  minimized. 

.  .  .  Heavy  steel  case  gives  magnetic  and  electrostatic  shielding 
so  important  in  modem  high  frequency  equipment. 

.  .  .  The  Marion  case,  with  its  high  conductivity  plating,  elimi¬ 
nates  the  need  for  separate  shielding  and  permits  interchange- 
ability  on  any  type  panel  without  affecting  calibration. 

Interchangeable  Round  and  Square  Colored  Flanges  .  .  .  one 
instrument  can  thus  fill  four  different  needs: 

1.  Round  3.  Rectangular 

2.  Round  for  Steel  Panel  4.  Rectangular  for  Steel  Panel 

WRITE  FOR  FURTHER  INFORMATION. 
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g40  BARRY  STREET  NEW  YORK,  U.  S.  A. 


ISOLATION  TRANSFORMERS 


Isolation  Trans* 
formars  with  aUc* 
trostotic  shialds. 
(Ratio  1t1)  115 
Volts,  50/60  Cy- 
clas.  Suppliad  with 
cord,  plug  and 
racaptocla. 


Auto  Tronsformars 
230/115  Volts, 
50/60  Cyclas. 
Writ*  for  da- 
toils  today  on 
KENYON'S  naw 
lino. 


LIST  PRICE 
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Shown  her*  ore  applications  of 
permonont  magnets  utilizing  trac¬ 
tive  force.  Other  functions  include: 

].  Transformation  of  mechanical 
to  electrkol  energy. 

2.  Transformation  of  electrical  to 
mechanical  energy. 


New  ways 
Permanent 


Magnets 

..are  doing  it  better! 


Pushing— pulling  .  .  .  gripping — twisting  .  .  .  lifting — holding  .  .  . 
nagically,  the  permanent  magnet  contributes  the  unfailing  force  of 
'packaged  energy”  to  the  function  of  countless  commonplace  things. 

Actually  millions  of  magnets  serve  ns  daily  in  communications, 
transportation,  science,  medicine,  and  industry  .  .  .  ranging  in 
ize  from  the  tiny  magnet  in  the  hearing  aid  to  the  huge, 
heavy  horn-shaped  radar  magnets. 

"Packaged  energy”  may  do  some  job  or  process  better  for 
^ou  .  .  .  or,  within  your  product,  may  serve  you  more 
efficiently  .  .  .  more  economically.  Investigate  its  use.  Our 
engineers  will  gladly  work  out  the  way  in  which  this  independent 
source  of  power  is  best  suited  to  your  needs. 


MiASURINO  STICK 
Attrectf  and  holds  small  m«tal- 
lic  partidai  Soolina  In  lubri¬ 
cating  oil. 


COFFil  MAKfR 

"Packagad  Enargy"  cuts  off 
currant  whan  coffea  is  raody. 


on  PLuo 

Atiracis  and  traps  lino 
matal  Wings  that  ssttia 
through  oil  at  the  b:tt}n 
of  the  outomobile  crj.i't 


eERMANENT  MAGNETS  MAY  DO  IT  BETTER 


THfRMOSTAT 

"Packagad  Enargy"  provides 
snap  action  for  thermostats  and 
safety  controls. 


I 


OOAUry 


wrvici 


THE  SlUCOCKS-MIUER  CO 


AMERICAN  TELEVISION  AND  RADIO  CO. 

Quolify  Prodvcti  Since  1931 
SAINT  PAUL  I.  MINNESOTA  — U  S  A 


NEW  PRODUCTS  (continued) 

put  impedance  to  ground  is  approxi¬ 
mately  0.6  megohm  shunted  by  30 
micromicrofarads.  Such  a  charac¬ 
teristic  facilitates  waveform  study 
by  means  of  intensity  modulation. 


precisio" 


CUftftBNT 


Electromechanical 
Control  ^42) 

Kollsman  Instrument  Div.,  BO¬ 
OS  45th  Ave.,  Elmhurst,  N.  Y.  The 
Synchrotel  serves  as  a  virtually 
frictionless  voltage  control  and 
synchronous  transmitter.  The  de- 


BATTERY  ELIMINATORS 
for  DIMONSTRATINe  ami 
TESTING  AUTO  RADIOS 
New  Models  ,  .  .  Designed  ior  Test¬ 
ing  D.C.  JElectriccd  Apparatus  on 
Remlor  A.C.  Lines.  Equipped  with 
Full-WaTe  Dry  Disc  Type  Rectifier, 
Assuring  Noiseless.  Interference- 
Free  Operation  and  Extreme  Long 
Life  and  Reliability. 

•  Eliminates  Storage  Batteries  and 
Battery  Chargers. 

•  Operertes  the  Equipment  at  Maxi¬ 
mum  Efficiency. 

•  FuUy  Automatic  and  Fool-Proof. 

•  Type  60-ELlA  ....  Rated  Output 
•.3  Volts  at  6.5  Amperes. 

Dealer  Net  friee  S22.S0 

•  Type  120C — EUO  .  .  .  Rated  Out 
put  6.3  Volts  at  14  Amperes. 

Dealer  Net  Price  S37.20 


vice  can  be  attached  to  the  pointer 
of  the  most  sensitive  aircraft  or 
other  instrument  without  affecting 
accuracy.  It  converts  the  reading 
into  electrical  signals  that  can  be 
sent  to  a  remote  station  with  high 
accuracy. 


Television  Capacitor  (43) 

Cornell-Dubilier  Electric  Coup., 
South  Plainfield,  N.  J.  Type  RC-108 
capacitor  has  a  rating  of  0.05  mi- 


You  can't  go  wrong  when  you 
depend  on  Sillcocks  -  Miller  tor 
plastic  dials.  These  experienced 
engineers  a  re  recognized 
throughout  the  industry  for  their 
ability  to  fabricate  plastic  ma¬ 
terials  to  close  tolerances.  The 
combination  of  this  skill  and  com¬ 
plete  production  facilities  pro¬ 
vides  a  dependable  source  for 
the  quality  and  service  you  want 
—  at  a  price  that's  right. 

Write  for  illustrated  booklet  or 
phone  South  Orange  2-6171  for 
quick  action. 


AUTO 

RADIO 

VIBRA¬ 

TORS 


DMignad  ior  Ut*  in  Standard  Vihra- 
ior-Oparatod  Auto  Radio  RoceiTors. 
Built  with  Procision  Construction  ior 
Lonqor  Lasting  Liio.  Pricos  are 
opp.  15%  lower. 


crofarad  and  3,500  volts  d-c  work¬ 
ing  voltage.  Housed  in  a  metal  cyl¬ 
inder,  the  unit  is  li  inches  in 
diameter  and  3  inches  long. 


Radio  Coup,  of  America,  Camden, 
N.  J.  Unique  mechanical  and  elec¬ 
trical  constructions  have  been  used 
in  the  preproduction  f-m  trans¬ 
mitter  amplifiers  shown  in  order  to 
insure  safety  to  operating  person¬ 
nel  and  attain  a  power  output  of  50 
kilowatts  at  108  megacycles.  The 
equipment  employs  a  reactance-type 
modulator  and  frequency-correcting 
device,  and  is  fully  equipped  for 


For  iavarting  D.  C.  to  A.  C. 

SpscIoUy  Dosignod  for  Oparating 
A.C.  Radios,  Tslorision  Sots,  Ampli- 
fiors.  Address  Systems,  and  Radio 
Test  Equipment  from  D.C.  Voltages 
in  Vehicles.  Ships.  Trains,  Planes 
and  in  D.C.  Districts. 

Write  for  New  ATR  Cofoteg— Todoyf 


10  NmI  Porkw  Awmn,  BiplawiC  B  L 
MOrttti  $Mlk  0t66|«,  B  i 
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It.300  TWIN 
BINDS 

nerhouf! 


FtMtSHtD 

PIfOOOCT 


REEVE5-HOFFMAN 

CORPORATION 


NEW  PRODUCTS 


(contini'fd) 


semiautomatic  operation.  The  an¬ 
tenna  can  be  transferred  from  final 
to  driver  stage  by  a  single  control 
switch,  making  it  possible  to  service 
the  high-power  equipment  during 
broadcasting  periods. 


With  Two  DI-ACRO  BENDERS 


A  difi&cult  production  problem  of  pieces  are  completed  per  hour — 600 
forming  two  bends  in  a  long  len^h  mdividual  bends. 

of  tubing  by  “teaming  «d|E.USS  DUPLICATING”  Often 

I*®"*  •»  Ouickw  WITHOUT  DIES 

trated.  This  dual-formmg  arrange-  i 

ment  saved  installation  of  special  example  of  DI- 

machinery.  Two  accurately  formed  precision  machmes-Bendere, 

Keaeaeio  Bfakes  and  Shears — can  accurately 

^  j •  and  economically  duplicate  a  great 

— without  distortion  of  the  tube  euid  variety  of  parts,  /V^ 

at  a  cost  competitive  to  power  pieces  and  shapes’, 
operated  equipment.  More  than  300  without  die  expense. 

Writ#  for  Catalog— "DIE-LESS  DUPLICATING" 

^ DI-ACRO  It  gronoHiicorf  "DII-ACK-RO".  ^ 


Protective  Meier  Case  (45) 

Simpson  Electric  Co.,  Chicago,  Ill. 
The  well-known  model  260  volt-ohm- 
milliammeter  is  now  available  with 


321  EIGHTH  AVENUE 


RADIO  MANUFACTURERS  . . . 
A  LOW  COST  CRYSTAL 


RH-7M  is  a  new  hermetically  sealed  crystal  unit 
which  combines  wide  frequency  range  and  in¬ 
creased  performance  with  low  cost.  RH-7M  is  pro¬ 
vided  with  wire  leads  to  specified  length.  On  fixed 
frequencies  of  transmitters  or  receivers  this  unit 
can  be  soldered  in  directly  with  other  components 
of  the  set  thus  eliminating  plug  in  sockets  and  pos¬ 
sibility  of  contact  failure.  RH-^  with  prongs  to  fit 
standard  sockets  con  be  supplied  on  special  order. 


a  roll-top  safety  case  that  com¬ 
pletely  protects  it  from  damage  dur¬ 
ing  periods  when  it  is  not  in  active 
use. 


Any  fundamental  frequencies  from  3  me.  to  20  me. 
con  be  supplied  with  tolerances  from  0.01%  down 
to  plus  or  minus  0.003%  over  a  temperature  range 
of  minus  35°  to  plus  90°C. 

For  series  resonance  application  frequencies  of 
mechanical  overtone  (mode)  from  15  me.  to  75  me. 
con  be  supplied. 

This  unit  is  also  very  adaptable  for  low  frequency 
filter  circuits.  CT  cut  center  moimted.  plated  crys¬ 
tals  have  a  frequency  range  from  300  kc.  to  600  kc. 
DT  cut  center  mounted  crystals  range  from  200  kc. 
to400kc. 


Patent  Pending 


Mobile  Tube 


General  Electric  Co.,  Schenec¬ 
tady,  N.  Y.  The  GL.-2E24  is  a  five- 
electrode  beam  power  tube  designed 


RH-7M  Dimensions 
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SOUTHERN 


Navigation  Insinimant  Co.,  Inc. 
f.  O.  Box  7001,  Heights  Station 
Houston,  Texas 


Southern  Electronic  Co. 
512  St.  Charles  Street 
New  Orleans,  La. 


PACIFIC 


Cole  Instrument  Co. 
1320  S.  Grand  Avenue 
Los  Angeles,  Calif. 


Hoffman  Radio  Corp. 
3761  S.  Hill  Street 
Los  Angeles,  Calif. 


A  OFflCt  OF  SIRCmtFT  AND  ELECTRONICS  DISPOSAL 


WAR  ASSETS  ADMINISTRATION 


•WMA* 

Offlcet  located  at:  Atlanta  •  Birmingham  •  Boston  •  Charlotte  v 

Chicago  •  Cincinncrti  •  Cleveland  •  Denver  •  Detroit  •  Grand  frairie,  * 

Tex.  •  Helena  •  Houston  •  Jachsonville  •  Kansas  City,  Mo.  •  Little  Rock,  Ark. 
Los  Angeles  •  Louisville  •  Minneapolis  •  Nashville  •  New  Orleans  •  tfew  York 
Omaha  •  Philadelphia  •  Portland,  Ore.  •  Richmond  •  SI.  Louis  •  SaH  Lake  Qty 
Son  Antonio  •  San  Francisco  •  Seattle  •  Spokane  •  Tulsa  1322 


EASTERN 


Authorized  WAA  Electronics  Distributors 


JOBBERS 

WHOLESALERS 

MANUFACTURERS 

You’ll  save — save — save  when  you  pur¬ 
chase  surplus  electronic  equipment  from 
these  Approved  Distributors.  They  are 
offering  electronic  tubes,  devices  and 
equipment  which  were  declared  surplus 
by  the  Armed  Forces.  Fill  your  needs — 
now — while  inventories  still  permit  large 
purchases  and  wide  selection. 

Purchasing  of  this  equipment  has 
been  simplified  to  a  high  degree.  These 
WAA  Approved  Distributors  were  se¬ 
lected  on  a  basis  of  their  ability  to  serve 
you  intelligently  and  efficiently.  Write, 
phone  or  visit  your  nearest  Approved 
Distributor  for  information  concerning 
inventories,  prices  and  delivery  arrange¬ 
ments.  You’ll  find  you  can  “Save  with 
Surplus”. 


Automatic  Radio  Mfg.  Co.,  Inc. 

1 22  Brooklino  Avo. 

Boston,  Mass. 

Carr  Indusirios,  Inc. 

1269  Atlantic  Avo. 

Brooklyn,  Now  York,  N.  Y. 

Tobe  Doutschmann  Corp. 

S63  Washington  Sirool 
Canton,  Mass. 

Electronic  Corp.  of  America 
353  West  48lh  Street 
New  York,  N.  Y. 

Emerson  Radio  & 

Phonograph  Corp. 

76  Ninth  Ave. 

New  York,  N.  Y. 

(reneral  Electric  Co. 

Bldg.  267;  1  River  Road 
Schenectady,  N.  Y. 

General  Electronics,  Inc. 

1819  Broadway 
New  York,  N.  Y. 

Hammarlund  Mfg.  Co.,  Inc. 

460  West  34lh  Street 
New  York,  N.  Y. 

Hytron  Radio  &  Electronics  Corp. 
76  LaFayetle  St. 

Salem,  Mass. 


Johanns  &  Keegan  Co.,  Inc. 

62  Pearl  St. 

New  York,  N.  Y. 

Newark  Electric  Co.,  Inc. 

242  West  55th  St. 

New  York,  N.  Y. 

Radio  Parts  Distributing  Co. 

1 28  West  OIney  Rood 
Norfolk,  Va. 

Smith-Meeker  Engineering  Co. 
125  Barclay  Street 
New  York,  N.  Y. 

Standard  Arctwius  Corp. 

99  Sussex  Ave. 

Newark,  New  Jersey 

Sylvania  Electric  Products,  Inc. 
Emporium,  Pa. 

Technical  Apparatus  Co. 

165  Washington  St. 

Boston,  Mass. 

Tung-Sol  Lamp  Works,  Inc. 

95  Eighth  Ave. 

Newark,  New  Jersey 

W.  &  H.  Aviation  Corp. 
Municipal  Airport 
Rochester,  New  York 


MIDWESTERN 


American  Condenser  Co. 
4410  N.  Ravenswood  Ave. 
Chicago,  III. 

Belmont  Radio  Corp. 

3633  S.  Racine  Ave. 
Chicago,  III. 


Co.  Electro-Voice,  Inc. 

Ave.  Carroll  &  Cecil  Streets 

Buchanan,  Michigan 
Essex  Wire  Corp. 

1601  Wall  Street 
Fort  Wayne,  Indiana 
E.  F.  Johnson  Co. 

206  Second  Ave.,  S.  W. 

Waseca,  Minnesata 
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RADIO  CORPORRTIt 


242  250  WEST  SS"  ST  ifAO.  f  1/ 
Canodlon  ••prattnlollx;  Conodion  Marconi, 1* 


NEW  PRODUCTS  (contlnu»d) 

for  use  as  a  class  C  r-f  amplifier  and 
an  oscillator,  particularly  in  mobile 
and  emergency  communications 
equipment.  A  quick-heating  fila¬ 
ment  requires  only  2  seconds 
warmup.  The  anode  dissipates  18.5 
watts.  Maximum  ratings  apply  up 
to  125  megacycles. 


Spectrum  Analysi! 

with 

PANALYZOS 


literature. 


(47) 

Strain  Measuring.  Nosker  Engi¬ 
neering  Products,  Yellow  Springs, 
Ohio.  Information  and  pictures  of 
strain  measuring  recorders  and  in¬ 
dicators  are  found  in  bulletin 
2A-4. 


for  engineers,  experi¬ 
menters,  servicemen  and 
set  builders.  These  genu¬ 
ine  RCA  components  plus 
everything  else  you  need. 


(48) 

Crystal'  Units.  Reeves-Hoffman 
Corp.,  321  Cherry  St,  Carlisle,  Pa. 
Bulletin  RHC-3  covers  the  RH-7B 
crystal  which  is  available  with 
3-  to  15-mc  fundamental,  or  16-  to 
75-mc  harmonic  mode  output  fre¬ 
quencies.  The  RH-9  crystal,  de¬ 
signed  for  television  and  f-m, 
is  described  in  bulletin  RH02. 


301R).  Width  Control  . - . 7S 

301 R2,  Proioction  <izo  control .  1.S2 

301 R3,  Horizontal  linoority 

control  . . S4 

304X1,  I.F.  and  Vidoo  control  kit  IS. SO 

30411,  Filofflont  choko . IS 

308T8,  Horizontal 

tynch-diurlminalor  .  2.SS 

30101,  Doflection  yoka, 

diroct  viow . . .  S.2S 

301 D3,  DoPoction  yoko, 

proioction  .  S.S4 

301X1,  Yoko  mountinp  hood .  X.S2 

303D1,  Focu,  coil .  S.4S 

303D1,  Ion  trap  magnot  _ _ _  3. SO 


If  your  problem  is  observation  oi| 
os^ator  behavior^  imder  stati. 
and  dynamic  conditions... 
or  performance  analysis  of  FM  ge; 
AM  systems . . . 

or  determination  of  energy  dlstri 
bution  of  pulse  signals . . . 
or  band  monitoring,  one  of  these  ii: 
struments  will  cut  the  job  to  thei 


(49) 

Resistance  Standards.  Rubicon 
Co.,  8614  Ridge  Ave.,  Philadelphia 
32,  Pa.,  announce  publication  of  a 
new  12-page  illustrated  technical 
bulletin.  No.  100.  Operation,  ap¬ 
plication,  construction,  and  other 
pertinent  data  on  their  complete 
line  of  resistance  standards  and 
resistance  bridges  are  furnished. 


a  whole  band  of  discrete  signals! 

- I - ! - 1  « — j . . .  distrit 


can  be  observed  at  once . . 
uted  in  order  of  frequency, 

*  direct  comparisons  of  the  fi& 
quency  and  amplitude  of  many  isc- 


lated  signals  con  be  made  in 
matter  of  moments. 

®  carriers  and  side  bonds,  produr 
even  by  relatively  low  frequencii 
are  clearly  resolved.  Modu’ui; 
characteristics  can  be  easily  id; 
tified. 

®  all  indications  are  graphic— onr 
ling  positive  interpretation. 

•  instrument  operating  proc««iuT 
are  fimdomentally  simple. 


(50) 

Rectifier  for  Receivers.  General 
Transformer  Corp.,  4321  N.  Knox 
Ave.,  Chicago  41,  111.  Two  catalog 
pages  set  forth  the  chief  features 
of  the  new  Perma-Power  unit  for 
converting  battery  radios  to  all¬ 
electric  operation. 


RCA  5BP4 . 

RCA  7DP4 . 

Phillip,  7EP4... 

RCA  7GP4 . 

RCA  5TP4 . 

RCA  9AP4 . 

RCA  10BP4 . 

RCA  I3AP4 . 

DuMont  15AP4. 
DuMont  30AP4. 


(51) 

Relays.  American  Relay  and  Con¬ 
trols,  Inc.,  2555  Diversey  Ave., 
Chicago  47,  Ill.,  has  recently  pub¬ 
lished  a  4-page  folder  on  its  line 
of  relays,  switches,  and  electrical 
specialties. 


WRITE  NOW  for  recommenda¬ 
tions  regarding  your  particular 
problems,  detailed  specifica* 
tions,  prices  and  delivery  time. 


T«lepbon«; 


LO.  3-1800 


(52) 

Audio  Appurtenances.  Atlas 
Sound  Corp.,  1443  39th  St.,  Brook- 
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O^HER  clad  wires 


1010  CORPORflTt* 


rvcrtion  o: 

der  static 


of  FM  mi 


KULGRID’S  NICKEL  “CLAD"  PLUS  COPPER  CORE 


*  copper  core  and  nickel  sleeve  ore  drown  down  together. 

*  70%  of  copper’s  conductivity  plus  all  of  nickel's  strength. 

S  strands  stay  welded  ai>d  flexible,  offer  lower  resistance. 

*  will  not  become  brittle  or  snap  off  suddenly. 

P  will  not  oxidize  or  flake  at  high  fabricating  and  operating  temperatures. 

*  will  satisfcKtorily  perform  under  high  ambient  temperatures  without 
loss  of  elasticity  or  conductivity. 

*  resists  corrosive  atmospheres. 

*  welds  readily  to  itself,  nickel,  copperdod,  tungsten, 
molybdenum  and  other  related  metals. 


)te  slgsuw 


t, 

requencip? 
Kxsily  idsr 


‘Knicrid  is  corerrd  b;  C.H.  and  foreign  patents. 


sleeve  of  nickel 


nmenda- 

aTticular 

tpeciBcch 

eryiime. 


. . .  also  alloy  wires  in  tunglen,  mo¬ 
lybdenum,  silver  and  special  allays 
in  diameters  to  .002"  or  smaller. 
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HEXACON 

ELECTRIC 
SOLDERING 
^  IRONS 


HICH  OUAUTY.  LONG  USTING  SOIDERING  IRONS 


COOK  UBORATORIES 


1 39  Gordon  Blvd 


NEW  HtOOUCTS  (cent  nu^it 

lyn  18,  N.  Y.  Pages  7  and  8  of 
Catalog  47  show  desk  stands,  boon 
stands  and  arms,  bracket  clamps, 
and  other  necessary  adjuncts  to 
the  technique  of  picking  up  sound 
with  a  microphone. 


(53) 

Coax  Relay.  Signal  Engineering 
&  Mfg.  Co.,  154  West  14th  St, 
•New  York  11,  N.  Y.  Bulletin  CRl 
describes  a  coaxial  cable  relay 
for  high-frequency  switching.  It 
has  a  250-watt  capacity  and  can 
be  used  to  switch  a  75-ohm  line, 
maintaining  a  low  standing-wave 
ratio. 


^****8600*6 


Follow  Iho  leadort— and 
us*  HEXACONI  For  ruggod. 
hoovy  dwty  work  or  for  light  in* 
tricot*  work  .  .  .  h*r*’t  th*  an* 
sw*r.  On*  r*ason  is  "Balanc*d 
H*at"*— dissipating  *xc*ssiv*  *1** 
m*nt-impairing  heat — and  mini* 
mixing  *l*m*nt  burn-outs  and  tip 
r*plac*m*nts.  Anothor  is  th*ir 
lightwoight.  literatur*  is  ovoit* 
abl*  dnscribing  th*  compl*t* 
HEXACON  lin*  of  scr*w  tip  and 
plug  lip  irons  from  40  to  700 
watts,  and  with  tip  diam*t*rs 
ranging  from  to  1%*. 

HEXACON  EUCTRIC  CO. 

130  W.Cloy  Av*.,  Ros*ll*  Fark.N.J. 


(54) 

Transmitters.  Federal  Telephone 
and  Radio  Corp.,  100  Kingsland 
Road,  Clifton,  N.  J.  Three  new 
multichannel  communication  trans¬ 
mitters,  the  184-A,  185-A,  and  186- 
A,  designed  for  ground-to-air  and 
point-to-point  service,  are  described 
and  illustrated  in  a  recent  bulletin. 
Flexible  arrangement  of  basic 
equipment  makes  them  adaptable 
for  present  and  future  needs. 


(55) 

Parts  Catalog  Sheets.  Radio  Corp. 
of  America,  Harrison,  N.  J.  Of  spe¬ 
cial  interest  to  hobbyists  and  ex¬ 
perimenters  are  the  catalog  sheets 
on  television  parts  as  well  as  those 
on  antennas,  speakers,  and  s 
phonograph  modernization  kit. 


FEED  BACK 
DISC  RECORDING 

AT  NO  EXTRA  COST 


Thoroughly  Life-Tested 
Stable — Dependable 
Negligible  Maintenance 


18  db  OVERALL  FEEDBACK 
18  db  STABILIZING  FEEDBACK 
30-35  db  TOTAL  FEEDBACK 


(5G) 

Transmitting  Tetrode.  Raytheon 
Manufacturing  Co.,  Power  Tube 
Division,  Waltham,  Mass.  An  8- 
page  brochure  includes  a  complete 
set  of  graphs  giving  characteris¬ 
tics  of  the  RK-6D22  transmitting 
tetrode.  The  tube  has  1,000-watt 
r-f  output  with  3,000-volt  plate 
supply  and  22-watt  grid  drive. 
Plate  dissipation  is  450  watts. 


MORE  LEVEL  ON  THE  DISC  .  .  . 

FULL  FREQUENCY  RANGE 

Choracferhfics 

•  10-12  db  power  UNDISTORTED 

•  ±2  vu  30-12,000  with  30  cm/iec  capability 
at  12  Itc. 

•  Overall  feedback  for  stylus  control  and  damp¬ 
ing 

•  Internal  current  feedback  for  stability 

•  Input  equalizer — instant  selection  of  recording 
characteristic 

•  Intermodulation  extremely  low 

•  Interchangeable  cutters 

•  Regular  size  cutter  standard  mounting  holes 

•  50  watt  amplifier  push-pull  throughout 

1  amplifier  SI* 01%  Qaick  Delivery 
1  ceHer  UUU  Net-with  Tubes 

Prie*  subieet  to  change  wMieet  notice 

Get  eew  bnsiness  and  keep  It  with  this  new 
feedboch  entter 
Mfrif*  for  deserlptiv*  pamphlet 


(57) 

Rectifier.  Sylvania  Electric  Prod¬ 
ucts  Inc.,  Emporium,  Pa.  Type 
5AZ4  full-wave  rectifier  ratings 
and  characteristics  are  presented 
on  a  single  sheet  recently  issued. 


5-A  SYSTEM 


Rncording  Systems 
Licensed  Under  U.  S.  Pats,  of 
Western  Electric  Co.,  Inc. 


(58) 

Insulated  Tubing.  Insulation  Man¬ 
ufacturers  Corp.,  665  West  Wash- 
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There’s  a  Beckman 


(Trade  Mark  of  the  HELIcal 


POTentiometer) 


to  simplify  YOUR  Potentiometer— Rheostat  Prohlems! 


HELIPOrS  Wide-Range,  High-Precision  Control 
Advantages  Available  in  Many  Sizes  of  Units 


|l|fl|IJ|||  —the  original  helical  potentiometer— 
has  proved  so  popular  in  modern¬ 
izing  and  simplifying  the  control  of  electronic  cir¬ 
cuits,  that  many  types  and  sizes  of  HelipotM  have 
been  developed  to  meet  various  potentiometer-rheo¬ 
stat  problems.  Typical  production  Helipot  units 
include  the  following  . . . 


These  Illustrations 
Are  Cutaway  Views 


MODEL  B-Case  diameter— 3.3"; 
Number  of  turns— 15;  Slide  wire 
length— 140H";  Rotation— 5400® ; 
Power  rating— 10  watts;  Resistance 
ratings— 50  to  200.000  ohms. 


MODEL  A-Case  diameter— 1.8"; 
Number  of  turns  — 10;  Slide  wire 
length — Rotation— 3600®  ; 
Power  rating- 5  watts;  Resistance 
ratings— 10  to  50.000  ohms. 


MODEL  C-Case  diameter- 1.8"; 
Number  of  turns— 3;  Slide  wire 
length  — 13.5" ;  Rotation— 1080®  ; 
Power  rating— 3  watts;  Resistance 
ratings— 5  to  15,000  ohms. 


CHOlCt  Of  Ot5.0H 

,  instruments  or  o 


In  addition  to  the  above  standard  He/i'pot  units,  special  models 
in  production  include  . . . 


MODEL  D-^Simllar  to  Model  B,  abovof  but  longer  ond  with  greater 
length  of  tslide  wire.  Cat^  diametee'»3.3^  I  Number  of  tum»^25; 
Slide  wire  length**— 234"  |  Rotation  OOOO* ;  Power  rating  IS 
watts;  Re!»i^lance  ratings^^— lOO  to  300,000  ohm!*. 


MODEL  E'^Similar  to  Model  B,  but  longer  and  will 
of  >Ude  wire  than  Model  D.  Ca*>e  diameter^— 3.3" ;  ^ 
SO;  Slide  wire  length— 373";  Rotation— 1  1, 4<M> 
—20  watl«;  Re^iislanre  ratingtw— 150  to  500,0041  ul 


-ond  avan 

oddtVional 


Send  for  HEUFOT  literature! 


1011  Mission  Street,  South  Pasadena  2,  California 
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NOW- 
A  QUALITY 
2-KW  INDUCTION 
HEATING  UNIT 


Noiseless  in  operation 
Strong  and  durable 
Good  performance  in  t  il 
climates 


TYPt  1 

\ 

rt„|aw.rvol»^  .  II 

A  copy.  *'■" 

A  e« 


STANDARD  RANSE 
1000  ohms  to  10  mego.'im 
•  NOISE  TESTED  • 

At  slight  additional  cost,  rosislan  hs  O  * 
Standard  Rang*  aro  supplied  with  •* 
rosistor  noiso  tosted  to  tho  following  itoni 
ard:  “For  tho  comploto  audio  froqoow^ 
rongo,  rosistor  shall  havo  loss  noiso  IlMr' 
corrosponds  to  a  chango  of  rosistonoo  ot 
1  port  in  1,000,000." 


tlSlSTOl 

6IVIS  r‘- 

and 

djmoitsion*.  < 
liat  wiS  " 

fof  It— todoy' 


S.S.WHITE 


Novor  boforo  o  valuo  liko  this  now 
VKW  bonch  modol  "Bombardor"  or 
nigh  frequoncy  induction  hoator  ...  for 
saving  timo  and  monoy  in  surfaco  hard- 
oning,  brazing,  soldoring,  annoaling  and 
many  other  heat  treating  operations. 

Simple  .  .  .  Easy  to  Operate  .  .  . 

Economical  Standardization  of 

Unit  Makes  This  New  Low  Price 

Possible 

This  compact  induction  heater  saves 
space,  yet  performs  with  high  efRciency. 
Operates  from  1 10-volt  line.  Comploto 
with  foot  switch  and  one  heating  coil 
made  to  customer's  requirements.  Send 
samples  of  work  wanted.  Wo  will  ad¬ 
vise  time  cycle  required  for  your  par¬ 
ticular  job.  Cost,  complete,  only  $650. 
Immediate  delivery  from  stock. 

Scientific  Electric  Electronic  Heaters 
are  made  in  the  following  range  of 
Power:  1 .3-5-7>/2- 10-121/2-15-1 8-25-40-60- 
80- 1 00-250-KW. — and  range  of  fre¬ 
quency  up  to  300  Megs,  depending  on 
power  required. 


One  ^meniceu  A  AAA 


TOP  PERFORMANCE  utOh 


fha/nsi 

cmd 


Plan  for  perform-  N. 

ance  perfection.  \ 

For  transformers  and 
electrical  coil  windings  of 
superior  quality  and  produc- 
tion,  use  Dinion  Transformers  and 
Coils.  Manufactured  to  specification 
or  designed  to  meet  particular  re-^ 
quirements.  Special  or  mass  production. 


e  Photo  Rash  Control  •  Radio 

\e  Instrument  e  Television 
e  Electronic  and  Indus¬ 
trial  Applications 


lO  Electrical  Coil  Windings 


Specialists 
in  Difficult 
Designs 


Division  of 


S”  CORRUGATED  QUENCHED  GAP  CO. 

107  Monroe  St.,  Garfield,  N.  J. 


CALEDONIA 
NEW  YORK 
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products 


(continued) 


jgton  Blvd.,  Chicago  6,  Ill.  Die- 
ex  cotton  and  Fiberglas  tubing 
attractively  displayed  by  means 
ff  sample  lengths  mounted  on  a 
older.  A  recent  price  list  is  in- 

Iluded. 

59) 

licrowave  Test  Equipment  Poly- 
echnic  Research  and  Development 
Inc.,  66  Court  St,  Brooklyn  2, 
Y.  Resistive  pads  and  attenua- 
[ors,  slotted  lines  and  probes,  fre¬ 
quency  meters,  and  cavities  are 
Included  in  the  line  of  precision 
licrowave  components  listed  in  a 
newly  released  catalog. 

(60) 

[iniature  Tubes.  Radio  Corp.  of 
America,  Harrison,  N.  J.  Sheets 
lescribing  types  1U5,  6BJ6  and 
12AL5  miniature  tubes  have  just 
neen  made  available.  The  tube 
functions  are,  respectively,  diode- 

I pentode,  r-f  amplifier  pentode,  and 
twin  diode. 

(61) 


1  Variable  Transformers.  Superior 
Electric  Co.,  277  Church  St.,  Bris¬ 
tol,  Conn.  Bulletin  547  features 
Powerstat  variable  transformers 
and  Stabiline  automatic  voltage 
regulators.  Ratings,  detail  draw¬ 
ings,  photographs,  and  engineer¬ 
ing  data  are  concisely  presented. 


I  (62) 

■  Resonant  Relays.  Stevens-Arnold 
V  Inc.,  22  Elkins  St.,  So.  Boston  27, 
^  Mass.  The  range  of  the  company’s 
line  of  resonant  relays  has  been 
I  extended  to  1,000  cycles,  increas- 
ing  the  usefulness  of  these  relays 
^  for  remote  control  purposes.  Read 
I  about  it  in  Catalog  116A. 

1  (63) 

I  Plugs  and  Jacks.  Switchcraft  Inc., 
I  1735  West  Diversey  Parkway,  Chi- 
I  cago  14,  Ill.  A  2-color  catalog  of 
^  8  pages  lists  a  line  of  jacks,  plugs, 
I  and  switches.  Mechanical  draw- 
I  ings,  photographs,  and  material 
specifications  simplify  the  infor¬ 
mation  for  the  design  engineer. 

(64) 

1  Electrolytic  Capacitors.  Pyramid 
Electric  Co.,  155  Oxford,  Paterson, 
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MAIL  COUPON  BELOW  FOR  FREE  COPY 

It’s  ready  now — the  new  Concord  Radio  Catalog  offering  the  greatest,  latest 
and  most  complete  presentation  of  radio,  electronic  and  television  equipment 
and  supplies  in  radio  history!  Just  off  the  press,  this  new  Concord  catalog  is 
packed  from  cover  to  cover  with  thousands  of  items  to  611  every  radio  and  elec¬ 
tronic  need — Radio  Parts,  Radio  Sets,  Amplihers,  Sound  Systems,  Test  Equip¬ 
ment  for  every  purpose.  Record  Players,  Record  Changers,  Television  Equip¬ 
ment,  Ham  Gear,  Kits,  Receivers,  Transmitters — 160  pages  of  everything  and 
anything  in  Radio  and  Electronics.  Complete  showing  of  Amplihers  and  Sound 
Equipment — including  famous  Concord  Multi-Amp  Add-A-Unit  Amplihers. 
Special  bargain  section  offers  hundreds  of  money-saving  values  in  top  quality, 
standard-make  parts — including  scores  of  new  items  from  nationally-famous 
makers.  Immediate  shipment  from  stocks  in  two  huge  Concord  warehouses 
centrally  located  in  CHICAGO  and  ATLANTA.  Mail  the  coupon  now  for  your 
FREE  copy. 

WANm>-TRADE-IN5  ON  COMMUNICATIONS  EQUIPMENT— Depen  J  on  Concord 
for  highest  trade-in  values  on  communications  receivers.  Write,  phone  or  call  to  tell  us 
what  you  have — or  send  it  in  for  free  appraisal. 

TIME-PAYMENT  PLAN —  Buy  your  Radio  and  Electronic  Et/uipn/ent  from  Concord  on 
F.ASY  PAYMENTS — Communications  Receivers,  Transmitters,  Radios,  Radio-Phonos, 

your  needs. 


I  Concord  Radio  Corporation,  Oopt.  6-107 
I  901  W.  Jackson  Blvd.,  Chicago  7,  III. 

j  Yes,  rush  FREE  COPY  of  the  comprehensive 
I  new  Concord  Radio  Catalog. 

I  Name . 

!  Address . 


227 


r0f 


STANDARD 

EJECT-O-MATIC 


How  to  repair 
RADIOS 


High-h«at  100  and  tSO-watt 
modaU  for  ganaral  haavy 
alactrical,  alactronic  and 
rapair  work.  Alto  avail* 
abla  In  long-notad  "inttru* 
mant"  modal.  Walghf  only 
22  oz. 


Popular  SO  and  75>watf  mod- 
alt  for  ganaral  radio  and 
alactrical  work.  Spacial  long- 
noted  modalt  available  for 
toldering  intida  deep  racap- 
taclet  hard-to-gat  ralayt  and 
attambliat.  Weight  only  18 
ox. 


VERTI-MOUNT 


Treadle  operated  —  leaves 
both  handt  fraa  to  hold 
work.  Pra-haatt  and  toldart 
work  with  on  a  aaty  foot 
movement.  Takat  all  Ejact- 
O-Matic  iront. 


This  "how-to-do-it " 
radio  repair  manual 

shows  you  how  to  handle  95%  of 
all  service  problems 


complete  line  now  available 


TIPS—  ^  Multi-clad  tips  available  in  eic 
different  sizes  and  shapes. 

SPECIAL  TIPS  DESIGNED- 
MINIMUM  10  TO  ORDER. 

Send  for  new  catalog  and  prices. 

MULTI-PRODUCTS  TOOL  CO 


TUiit  handy  and  highly  practical  radio  repair  manua 
leads  you  in  easy  steps  to  a  complete  understandlm 
or  93%  or  all  radio  aerrlclng  iohs.  The  manual  cot. 
era  the  modem  superheterodvne  A.H.  receiver,  as  well 
as  phonograph-combination  service  problents  and  amt 
radio  problems.  Detailed  "how-to-do-lt”  ezplanatlou 
enable  you  to  put  your  finger  directly  on  exactly  vlut 
needs  to  be  done.  The  book  breaks  the  superheterod^- 
into  natural  stages,  and  analytes  them  thoroughly  fron 
a  service  standpoint,  covering  everything  rrom  tettls, 
up  the  signal  generator  to  the  push-pull  output  Stan 
Ciearcut  schematic  diagrams  of  modem  reoelven  iM 
you  throughout. 


1 23  SUSSEX  AVENUE.  NEWARK.  N.  J 


Just  pablhhed! 

ELEMENTS  OF 
RADIO  SERVICING 


By  WILLIAM  MARCUS 

Co-author  of  “Elements  of  Radio'* 

and  ALEX  LEVY 

In.stmotor  of  Radio  Meclianics,  Manhattan  Trail* 
renter  for  Veterans  and  Chelsea  Vocational 
High  School 

471  pages,  6x9,  illustrated,  $4.50 

Here  is  a  completely  practical  radio  .servicing  manual- 
carefully  and  simply  written,  well  illustrated,  and  f»t> 
to  follow — desis.ned  to  guide  you  to  tlie  best  methods  of 
making  most  modem  radio  repairs.  Analyses  of  tlw 
stages  are  generalized  for  easy  application  to  rvcelvm 
made  by  most  manufacturers.  The  most  commonly  usel 
testing  equipment — the  multimeter  and  signal  generitw 
— are  carefully  described. 


Materials  for  potting,  clipping  or  impreg¬ 
nating  oil  types  of  radio  components  or  oil 
kinds  of  electrical  units.  *  Tropicalized 
fungus  proofing  waxes.  •  Waterproofing 
finishes  for  wire  jackets.  •  Rubber  finishes. 
•  Inquiries  ond  problems  invited  by  our  en¬ 
gineering  and  development  laboratories. 


Read  over  some  of  the  elements 

covered  in  this  handy  manual; 

Superheterodyne  recelv-  Converter:  mixer  snl 

ers  oscillator  stages 

Servicing  procedure  amplifier  stage 

Multimeters  «.nnir 

...  ,  .  AC/DC  power  suppl.v 

Si-nal  generator  appll-  radio  power  sup- 

cations  p,i„ 

AC  power  supply  Thish-inill  output  stage 

Iziudspeakers  Alignment  of  a  super 

K  1  r  g  t  audio  -  amplifier  hcieiodyne  receiver 

stage  Survey  of  ,he  servlrtni 

It'  ampiifler  stage  procedure 


YEARS 


Zophor  Mills,  Inc.  has  been  known  for  its  dependable  service  and 
uniformity  of  product  since  1846. 


McGraw-Hill  Book  Co..  330  W.  42nd  St..  NYC  18 
Srnd  me  Marcus  and  I.,evy’s  Elements  of  Radio 
Servicing  for  10  days'  examination  on  approval 
In  10  days  I  will  send  $4.50.  plus  few  cents 
postage,  ni  return  book  postpaid.  (Hostage  paid 
on  cash  orders.) 

Name  . 

Address . . . 

City  and  State . 

Company . 

Position  . L-10  47 

(Kor  Canadian  price,  write  Mc(Jraw-Hlll  Co.  of 
Canada.  Ltd..  12  Richmond  Strert  K..  Toronto  l.> 


ZOPHAR  MILLS,  Inc. 

ESTABLISHID  1846 

117  26th  STREET,  BROOKLYN,  32  N.  Y. 
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(continued) 


new  products 
N.  J.  Catalog  J-4  includes  a  wide 
variety  of  d-c  electrolytic  capaci¬ 
tors  in  cardboard  and  metal  con¬ 
tainers  with  capacitances  ranging 
from  5  to  2,000  microfarads  at 
working  voltages  from  6  to  600 
volts. 


(65) 

Fuses.  Littlefuse  Inc.,  4799  N. 
Ravenswood  Ave.,  Chicago  40,  Ill., 
offers  Catalog  No.  9  as  an  ency¬ 
clopedia  of  fusing  information  and 
circuit  protection,  including  com¬ 
plete  details  on  fuses,  mountings, 
testers,  and  accessories. 


(66) 

Ham  Tube  Types.  Radio  Corp.  of 
America,  Tube  Division,  Harrison, 
N.  J.  Form  No.  HAM-103  is  a  new 
4-page  folder  that  charts  the  rat¬ 
ings,  characteristics,  operating 
conditions,  and  prices  of  a  pre¬ 
ferred  group  of  27  rectifiers,  oscil¬ 
lators,  amplifiers,  and  modulators 
used  in  amateur  transmitters. 


^odel 
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(67) 

Transmitting  and  Industrial 
Tubes.  Machlett  Laboratories, 
Inc.,  Springdale,  Conn.  An  illus¬ 
trated  catalog  of  power  tubes  for 
communications  and  industry  lists 
characteristics  and  suggested  uses 
for  the  company’s  line. 


(68) 

Organization  Method.  Alden  Prod¬ 
ucts  Co.,  117  N.  Main  St.,  Brockton, 
Mass.  The  Red  Book  devotes  44 
pages  to  an  exposition  of  the  Alden 
organization  and  its  method  of 
handling  development  and  manu¬ 
facturing  problems. 


nuinutl- 
ind  (tv 
Hbodi  of 
8  of  tht 
recelTors 
mly  uaod 
fenorito- 


n  IS  "A  NATURAL 


FOR  CONTROLLING 


VOLTAGES  IN  LAB 


ORATORIES,  ASSEMBLY 


(69) 

R-F  Generator.  The  Clough-Bren- 
gle  Co.,  6014  Broadway,  Chicago, 
Ill.  Model  299-A  r-f  signal  genera¬ 
tor  covers  the  range  from  100  kc 
to  32  me  in  five  bands.  A  complete 
listing  of  its  qualifications  for  the 
job  is  presented  on  a  single  two- 
page  sheet. 


UNE  TESTING  AND  AS 


It  stiff 
I  iuprr 
jelTor 
scrrlrtni 


A  COMPONENT  OF 


YOUR  ELECTRICAL 


UNIT. 


rc  18 
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cents 
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Send  me  the  Electronics  Journal  "Currently”  regularly  in  addi 
tion  to  the  resume  on  "Electronic  Batteries." 


NAME 


(70) 

Tube  Catalog.  United  Electronics 
Co.,  42  Spring  St.,  Newark  2,  N.  J. 
Each  registered  holder  of  a  United 
loose-leaf  catalog  should  have  re¬ 
ceived  the  latest  price  list  together 


COMPANY. 


for  the  latest  J* 
in  electronic 
developments  ^  i 


ADDRESS 


SORENSEN  &  COMPANY,  INC 

375  FAIRFIELD  AVE.  •  STAMFORD,  CONN. 


>NICS 
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PRECISION 

SHEET  METAL  PRODUCTS 
144  .  146  CENTRE  STREET 

BHOOKLYN  31.  NEW  YORK 
T«l.  MA;«  4  7395 


4  OscUhgraph  trocM  on  70  mm.  paper. 


TRSNSIEHT  PHEHOHEHl 


The  behaviour  of  moving 
parts  under  actual  work¬ 
ing  conditions  may  be 
studied  by  means  of 
standard  commercial 
oscillographs,  which 
translate  mechanical  or 
electrical  variations  into 
evanescent  traces  on  a 
fluorescent  screen. 
Avimo  cameras  record 
these  traces  on  contin¬ 
uous  film  or  paper,  so 
that  they  may  be  subse¬ 
quently  checked,  ex¬ 
amined,  and  measured. 


Write  for  full  details  of 
AVIMO  Cameras  includ¬ 
ing  types  with  built-ir. 
cathode  ray  tubes. 


AVIMO  Ltd.,  TAUNTON 
(Ent-)  T«l.  34M 

Deiigntr*  and  Manufacturers  of 
Scientific  Cameras 


SHEET  METAL  PRODUCTS  — 
such  «t: 

INSTRUMENT  PANELS,  RADIO 
COMMUNICATION  CASES  and 
ENCLOSURES,  OSCILLATOR 
BOXES.  CHASSIS  and  CABINET 
ASSEMBLIES  RACKS  and  SPARE 
PARTS  BOXES.  WATERPROOF 
CABINETS  and  BOXES.  METAL 
STAMPINGS.  FORMING  and 
WELDING  of  FERROUS  and 
NONFERROUS  METALS. 

|%^Wa  can  auura  you  of  avcaliant 
workmanship  and  prompt  daliv- 
•riat.  Sand  us  your  bluaprints  and 
spaciftcations.  Wa  shall  quota  you 
immadlataly. 


PAPER  TUBES 


Squar*  •  Rectangular  •  Triangular 
Round  and  Half-Round 

With  a  wide  range  of  stock  arbors  ...  .  plus  the 
specialized  ability  to  engineer  special  tubes  .  .  . 
PARAMOUNT  can  produce  the  exact  shape  and  size 
you  need  for  coil  forms  or  other  uses.  Hi-Dielectric, 
Hi-Strengtb.  Kraft,  Fish  Paper,  Red  Rope,  or  any 
combination,  wound  on  automatic  machines.  Tol¬ 
erances  plus  or  minus  .002'.  Made  to  your  speci¬ 
fications  or  engineered  for  YOU. 

Inside  Perimeters  from  .592'  to  19.0* 


PARAMOUNT  PAPER  TUBE  CORP 

616  lAFAVETTE  ST.,  TORT  WAYNE  2,  IND. 

Manufacturers  of  Paper  Tubing  for  the  Electrical  Industry 
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WflO  ^ 

Pi  VOLTAGE  or 
^  BATTERY  6  CHARGER 
- 1  VARIES  AFPROX 


WITH  AMPERITE 
VOLTAGE  VARIES 
ONLY 


/^MPERITE  CO.,  56  J  Broadway,  New  York  12  ,N.Y, 


In  Canada:  Allas  Radio  Corp.,  Ltd.,  560  King  St..  W.  Toronto 


'A  Wall  Kaawn  N«m*  in  Indin  fnr  Ovnr  20  Yn«r«' 


new  PtODUCTS  (continuad) 

with  data  sheets  on  three  indus¬ 
trial  electronic  tubes  just  issued. 


powers  the 
MOTOROLA  162  ICC 
F.M.  Transmitter^ 


(71) 

Electronic  Analyzer.  Weston  Elec¬ 
trical  Instrument  Corp.,  Newark 
5,  N.  J.  Model  769  analyzer  has 
been  designed  primarily  for  f-m, 
a-m,  and  television  service  work. 
Circuitwise,  it  is  a  type  described 
in  the  March  1947  issue  of  Elec¬ 
tronics.  A  single-page  sheet  lists 
its  functions  and  characteristics. 


(72) 

Catalog  Sheets.  General  Instru¬ 
ment  Corp.,  829  Newark  Ave.,  Eliz¬ 
abeth  3,  N.  J.  The  latest  catalog 
sheets  on  the  new  f-m  and  a-m  ca¬ 
pacitors,  models  2012  and  2022,  are 
now  available.  Complete  electrical 
and  mechanical  specifications  are 
given.  Along  with  the  sheets,  hold¬ 
ers  of  the  catalog  may  obtain  a 
calculator  for  aid  in  rapid  electrical 
circuit  computations.  This  too  is 
perforated  for  easy  insertion  in 
the  catalog  binder. 


Reliable  power  assures  the  reliable  operation  of  the 
new  Motorola  fM  Mobilo  162  megocycfe  Trons- 
mitfer...  instantaneous  power  from  the  CARTER 
Genemotor  shown  on  the  chassis  above.  The  ONLY 
Dynomotor  thot  delivers  full  power  in  3/10  second 
and  over  100,000  service-fre%  tronsmissioni.’Writo 
for  lotoet  catalog. 


(73) 

Tube  Guide.  Hytron  Radio  and 
Electronics  Corp.,  Salem,  Mass.  A 
bandy  loose-leaf  margined  refer¬ 
ence  guide  for  miniature  electron 
tubes  has  been  compiled  and  pub¬ 
lished  as  a  service  to  users.  All 
miniature  tsrpes  announced  to  date 
are  included  regardless  of  the  orig¬ 
inating  or  producing  manufactur¬ 
ers. 


THERMOSTATIC  METAL  TYPE 


if  PROVIDE  DELAYS  RANGING 
F  FROM  I  TO  120  SECONDS 

JT  EATURES: — Compensated  for  ambient  temperature  changes  from 
— 40*  to  110*  F  . . .  Hermetically  sealed;  not  affected  by  altitude,  moisture 
or  other  climate  changes  .  .  .  Explosion-proof  .  .  .  Octal  radio  base  .  .  . 
Compact,  light,  rugged,  inexpensive  .  .  .  Circuits  available:  SPST  Nor¬ 
mally  Open;  SPST  Nomtolly  Closed. 

PROBLEM?  Send  for  "Special  Problem  Sheet"  and  Bulletin. 


(74) 

Resistors.  Clarostat  Mfg.  Co.,  Inc., 
130  Clinton  St.,  Brooklyn  2,  N.  Y. 
An  informative  bulletin,  available 
on  request,  illustrates  and  describes 
the  characteristics  of  cement  coat¬ 
ing  for  power  resistors. 


AMPiRin  RCGULATOR 


(75) 

Radio  Parts.  JFD  Manufacturing 
Co.,  4117  Ft.  Hamilton  Parkway, 
Brooklyn  19,  N.  Y.  In  a  recently 
published  44-page  catalog,  we  find 
described  in  detail  over  4,000  ra¬ 
dio  parts  from  battery  plugs  to 
antennas. 


Ampehte  REGULATORS  are  the  simplest,  lightest  cheapest  emd  most  compact  method 
obtaining  current  or  voltage  regulation  .  .  .  For  currents  of  .060  to  8.0  Ampe  .  .  .' 
Hermetically  sealed;  not  affected  by  altitude,  ambient  temperature,  humidify. 
A  Write  for  4-page  Illustrated  Bulletin. 


(76) 

Ceramic  Capacitors.  Centralab 
Division  of  Globe-Union  Inc.,  Mil- 


1 
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PANEL  INSTRUMENTS 


For  utmost  reliability — specify  and  depend 
upon  Burlington  Panel  Instruments.  They  ore 
designed,  engineered  and  built  to  give  satis¬ 
factory  service  even  under  most  severe 
applications  —  and  ore  fully  guaranteed  for 
one  year  against  defects  in  material  or 
workmanship. 

Write  today  lor  full  details 


BURLINGTON  INSTRUMENT  COMPANY 

123  FOURTH  STREET  BURLINGTON.  IOWA 


ENAMELED 


M*w  ier*«y 


ISOIttAftR  >OWI« 

:  VJteUttM  TU»r  VOlTMITIHS 


MODEL  204-A 
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MODEL  200-B 


OUTPUT  VOLTAGE— 0-325  Volti  D.C.  contlau- 
oudy  variable  at  125  Me.  Low  A.C.  Out¬ 
put — 5.3  volts  at  4  amps,  center  tapped. 

REGULATION  —  Within  1%  between  20-325 
volts  irom  no  load  to  full  load. 

HUM  VOLTAGE-WIthIn  ten  mllllvolH  at  any 
voltage  or  load  within  ratings. 


MODEL  20S  A 


OUTPUT  VOLTAGE— No,  I  100-325  Volts  D.C. 
continuously  variable  at  150  ma.  No.  2 
0-150  Volts  D.C.  continuously  variable  at 
5  Ma.  Low  A.C.  Output — 4.3  volts  at  4 
amps,  center  tapped. 

REGULATION— 100-325  Output  within  1%  from 
no  load  to  full  load  within  ratings.  0-150 
Output  within  1%  at  150  volts. 

HUM  VOLTAGE— Within  ten  millivolts  at  any 
voltage  or  load  within  ratings. 


1 1 ; 

IS  •  c  J 


Also  manufacturers  of  high 
grade  cotton  and  silk  cov¬ 
ered  wires,  cotton  and  silk 
coverings  over  enamel  coat¬ 
ed  wjres,  and  all  construc¬ 
tions  of  LIti  wires.  A  variety 
of  coverings  made  to  cus¬ 
tomers'  specifications,  or  to 
requirements  determined  by 
our  engineers.  Complete  de¬ 
sign  and  engineering  facili¬ 
ties  are  at  your  disposal; 
details  and  quotations  on 
request. 


A  product,  resulting  from  many  years  of 
research  in  the  field  of  fine  wire  manu¬ 
facture,  that  meets  the  most  rigid  re¬ 
quirements  of  radio  and  ignition  coils. 

A  new  coating  method  gives  a  smooth, 
permanently  -  adherent  enameling,  and 
mercury-process  tests  guarantee  perfect 
uniformity.  Great  flexibility  and  tensila 
strength  assure  perfect  laying,  aven  at 
high  winding  speeds.  If  you  want  re¬ 
duction  in  coil  dimensions  without  sacri¬ 
ficing  electrical  values,  or  seek  a  uniform, 
laakproof  wire  that  will  deliver  extra 
years  of  service,  this  Hudson  Wire  prod¬ 
uct  is  the  answer. 


HIDSON^IRE  CO. 


WINSTED 


CONNECTICUT 


OUTPUT  VOLTAGE-0-500  VolH  D.C.  continu¬ 
ously  variable  at  300  Ma.  Low  A.C.  Out¬ 
put  4.3  volts  at  4  amps,  canter  tapped. 

REGULATION  -  Within  1%  between  30-500 
volts  from  no  load  to  full  load. 


MAGNET 


WIRE 


HUM  VOLTAGE— Within  ten  millivoHt  at  any 
voltage  or  load  within  ratings. 


P05ITIVE  OR  NEGATIVE  GROUND. 


MEW  PRODUCTS  (contlniMd) 

waukee,  Wisconsin.  Booklet  967 
tells  of  the  development,  use,  and 
characteristics  of  tubular  ceramic 
bypass  and  coupling  capacitors. 


put  and  output  are 


(80) 

Neutralizing  Capacitor.  The  Ham- 
marlund  Mfg.  Co.  Inc.,  460  W.  34th 
St.,  New  York  1,  N.  Y.  Complete 


given  in  a  4-page  folder  just  re¬ 
leased. 


Ave.,  New  York  22,  N.  Y.  A  20- 
page  brochure  describes  and  il¬ 
lustrates  the  activities  of  the  radio 
development  and  con.sultation  cen¬ 
ter. 


FLEXIBLE  SHAFT  HANDBOOK 

Contains  full  information  and  technical  data  about 
flexible  shafts  and  how  to  select  and  apply  them. 
Copy  free,  if  you  write  for  it  on  your  business 
letterhead  and  mention  your  position. 


. . 


/is 

,  '^>©1 
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Products  Catalog.  General  Ce¬ 
ment  Mfg.  Co.,  919  Taylor  Ave., 
Rockford,  Ill.  About  500  items  of 
electronic  hardware  and  radio 
products  are  listed  by  classifica¬ 
tion  groups  in  the  new  catalog.  No. 
3051. 

(78) 

F-M  Antenna.  Radio  Corp.  of 
America,  Camden,  N.  J.  Two  sides 
of  a  page  serve  to  show  the  chief 
features,  outlines,  and  mounting 
details  of  the  new  single-section 
low-power  Pylon  antenna,  types 
BF-21A  and  BF-21B,  suitable  for 
f-m  broadcast  use. 

(79) 

Rotary  Power  Supplies.  Carter 
Motor  Co.,  2664  N.  Maplewood 
Ave.,  Chicago,  Ill.,  announce  re¬ 
lease  of  their  latest  sales  bulletin 
No.  447-J.  Many  models  of  portable 
converters  and  dynamotors  are  il¬ 
lustrated  and  tables  of  voltage  in- 


eiecincai  ana  mecnanicai  specin- 
cations  about  the  NZ-10  neutraliz¬ 
ing  capacitor  with  a  range  from 

o  t -I  _ ; _ : _ £ _ _ 


Laboratory  Report.  RCA  Indus¬ 
try  Sprvire  T.nhnrnfnrv  711  TTiffVi 


^rEXACT  eumCATIOII 

—an  important 
advantage  of 

s.s.mm  naiBix  SHAFTS 

Success  of  a  flexible  shaft  application  depends  principally  on 
selecting  the  right*  shaft  for  the  job— the  shaft  that  has  the  right 
combination  of  characteristics  to  meet  the  conditions  and  require¬ 
ments  of  the  particular  application. 

Once  this  is  done,  and  the  application  goes  into  production,  its 
continued  success  depends  on  getting  shafts  from  the  supplier 
which  are  "carbon  copies"  of  the  original  in  characteristics. 

When  you  use  S.  S.  White  flexible  shafts  you  can  count  on 
exact  duplication  because: 

1.  Special  machines,  developed  by  $.  S.  White*  engineers  faith¬ 
fully  reproduce  specified  characteristics  in  every  foot  of  the  given 
shafting  for  which  they  are  set. 

2.  S.  S.  White's  basic  policy  of  strict  adherence  to  original 
specifications.  No  change  is  ever  made  in  grade  of  wire  or  con- 

sf ruction^  without  the  full 
knowledge  and  approval  of 
the  user. 

^  ^  This  assurance  of  exact  du- 

f  V  plication  is  one  of  the  big  rea- 

^  sons  why  so  many  flexible  shaft 
users  have  found  it  pays  to  get 
I  their  shafts  from  S.  S.  White. 

^  \  \  5  * 

t  ^  S.  S.  White  flexible  shafts  for  radio 

%  and  other  remote  controls  are 

— ■  ^  1  widely  favored  because  they  have 

J  H  special  characteristics  which  pro- 

^  g  Sfnooth,  easy,  sensitive  tuning. 

^  fxoct  duplication  in  the  production 

of  these  shafts  assures  these  quali- 
every  properly  made  appli- 

cation. 

CDBE  TO  CMAIKIEEDC _ TUIE  94n_PAAE 


Automatic  Synchronizer.  Burling¬ 
ton  Instrument  Co.,  Burlington, 
Iowa.  Bulletin  SN-400  is  fully 
descriptive  of  the  type  SN,  model 
SF  automatic  synchronizer.  The 
unit  is  designed  for  automatically 


s.s.WHin 


THI  S.  S.  WHITf  DINTAl  MFG.  CO. 


INDUSTRIAL 


DIVISION 


Otl>Te  E  10  EAST  40fli  ST..  NKW  TOtK  l«.  N.  T._ 

HfXItU  $NAm  •  fUllMI  MAH  tOOiS  •  AMCtA#?  ACCIfttOMtS 
UAAtt  CMUIWO  AN*  OtlNVINa  fOOit  •  «At€IA|  fOMtlNA  tMMIS 
nOIM*  MIIWOM  •  nAtfiC  VKIAITttt  •  CONflAa  nAlflCS  NOIAIIIB 

Ott€  o/  /4*HcUcaA  A  AAA  ^KeUutnieU  SHtsn^etiAcs 
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DiSIONlD  FOR  USB  WITH  RG  52  OR  75  OHM  CABU 
Another  dependable  performer  right  from  the  design  lobo* 
ratory.... Standard  madel  handles  880  watts  of  RF  power  at 
100  me. (limited  only  by  the  rating  of  the  cable  connectors). 

•  Designed  for  SPOT  switching  of  RG  cable— pure  silver 
internal  contacts  •  Inspection  port  next  to  internal  contacts 

•  3/16^'  pure  silver  external  contacts  up  to  DPDT  for  asso* 
cioted  circuits  •  Standard  model  with  Amphenol  83*  1R  con* 
nectors,  other  types  on  special  order  •  Coil  voltages  up  to 
440  volts  AC  or  240  volts  DC 

See  this  new  relay  at  your  jobber’s  today. 

For  information  on  comploto  Advanco  iino,  writo  for 
*  August,  1947,  ctftoiog.  “SFECiFY  ADVANCE  RELAYS." 


"/dvance  "¥e/ayi 


ADVANCE  ELECTRIC  &  RELAY  CO. 

1260  Wott  2nd  St.,  Los  Angolos,  California  •  Phono  Michigan  9331 


TRIODES 


i  The  superiority  of  a 
frtode  amplifier  is 
most  apparent  in  the 
final  test . . .  listening 
. - 


^AUTOMATIC  BIAS  CONTROL  greatly  IncreoMC 
undirterted  power  at  moderate  cost. 


WTIIODE  TUBES  used  tliroughowt.  2  — 6B4G, 
4-7A4,  2-7N7,  1-5U4G,  1-5Y3G. 

6’Tliree  push-pull  stages  preceded  by  on  In¬ 
verter  stage. 

f^lnterstoge  transformer  Insures  good  push-pull 
botoiKe. 

ftflot  within  1  db  to  25  cycles  at  full  power  and 
to  4  cycles  at  reduced  power. 

drflat  within  0.2  db  to  30,000  cycles. 

69.6%  harmonic  distortion  end  0.2%  Inter- 
modulatlon  distortion  at  5  watts. 

6flaled  powor-.30  watts  at  2'^%  total 
distortioo. 


60aln— 55  to  120  db  In  various  models. 

6Bass  and  treble  compensation  —  Two-stago 
tapped  condenser-resistor  iMtworks. 

6lnpuf-3B,  150,  500/600  and  500,000  ohms. 
Output— 1 .5  to  30  ohms  and  500  ohms. 

6rower  available  for  other  units  — 250  voHs, 
0.090  A  DC;  6.6  volts,  5  A. 

6Fuses— Main  power  and  6B4G  plate  Him. 

^^Attractively  finished  chassis.  High  quolitV 
compeaents.  Finest  workmanship. 


NEW  PRODUCTS  (conNniMd) 

controlling  circuit  breaker  clo¬ 
sure  of  a-c  generators  in  parallel  to 
a  common  bus.  It  is  available  for 
either  116-  or  230-v,  60  to  60><ycle 
operation. 

(83) 

Tube  Notes.  Radio  Corp.  of  Amer¬ 
ica,  Harrison,  N.  J.,  has  issued  two 
new  booklets  of  application  notes. 
AN-120  gives  a  thorough  treat¬ 
ment  of  the  6SB7-Y,  a  pentagrid 
converter  tube  with  high  conver¬ 
sion  transconductance.  Use  of 
the  6BA6  and  6BE6  miniature 
tubes  in  f-m  receivers  is  described 
in  AN-121. 

(84) 

F-M  Transmitters.  Radio  Corp.  of 
America,  Engineering  Products 
Dept,  Camden,  N.  J.  In  an  8-page 
booklet  chief  features  of  ^ree 
t3rpes  of  f-m  broadcast  transmit¬ 
ters  are  set  forth  along  with  pic¬ 
tures  of  each.  Types  260A,  1C, 
and  3B  have  a  power  of  250  w,  1 
kw,  and  3  kw  respectively. 

(85) 

Microphones  and  Pickups.  Bhure 
Bros.,  225  W.  Huron  St,  Chicago. 
Ill.,  announce  issuance  of  two  pub¬ 
lications.  Catalog  157  illustrates 
microphones  and  acoustic  devices; 
and  158,  phonograph  pickups  anJ 
replacement  cartridges. 

(86) 

Speakers.  Permoflux  Corp.,  4900 
W.  Grand  Ave.,  Chicago  39,  Ill.  A 
4-page  bulletin  covers  complete 
data  on  over  100  types  of  speak¬ 
ers.  Included  are  characteristic 
specifications  for  all  types:  sizes, 
fiux  density,  voice  coil  diameters 
and  impedance,  watts,  dimension 
and  recommended  transformer 
sizes. 

(87) 

Resistance  Products.  Interna¬ 
tional  Resistance  Co.,  401  N.  Broad 
St.,  Philadelphia  8,  Pa.  A  series 
of  ten  new  catalog  bulletins  fur¬ 
nishes  the  latest  technical  data  on 
a  broad  line  of  resistance  prod¬ 
ucts. 

(88) 

Limiting  Amplifier.  General  Elec¬ 
tric  Co.,  Syracuse,  N.  Y.  A  12-page 


The  BROOK  HIGH  QUALITY 
6l?nnK  AMPLIFIER 

-  Designed  by  LINCOLN  WALSH 

BROOK  ELECTRONICS,  Inc.,  34  DeHart  Place,  Elizabeth  2,  N.  J. 
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1055  NEPPERHAN  AVENUE,  YONKERS  3.  NEW  YORK 


PORT  JERVIS,  NEW  YORK 


for  high  current  density  •  mhd- 
nuim  wear  •  low  contact  dropg 
lew  electricol  noise  •  self-luM- 
cation 

in  CONTACTS 

for  low  resistance  •  non-welding 
character 

GRAPHAU.OY  w*rii«  wh*r«  •Hmt*  wsn'll 
ORAPHAILOY  with 

*A  3itvMr-imsr*eno**^  9rciel>l** 


•  PLASTIC  FABRICATING  • 

PUNCHED  JIND  FABRICATED  PARTS.  SPEED  JIND  ACCURACY  Of 

TOOL  CONSTRUCTION  AND  PRODUCTION  REQUIREMENTS 

•  BAKELITE  SHEETS,  RODS.  TUBES  • 

Over  20  years  of  fabricating  experience 

ELECTRICAL  INSULATION  CO..  INC. 

12  VESTRY  ST.,  MEW  YORK  13.  H.  Y. 


• 

r^*e^B 

■  •  A  e 

I  *  W  •  ■ 

•  •  •  • 

i . . .  i 
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ALLEN 


HEX-SOCKET  SCREWS 


THE  ALLEN  MFC.  COMPANY 


NEW  PRODUCTS  (continuad) 

brochure,  EBR-99,  on  the  limiting 
amplifier,  Type  BA-6-A,  has  been 
prepared.  Complete  with  schematic 
drawings  and  diagrams,  it  lists  the 
operational  and  constructional 
features  of  the  amplifier,  a  unit 
designed  to  increase  the  average 
program  level  of  broadcasting  and 
recording  systems  without  danger 
of  any  audio  peak  exceeding  a  pre¬ 
determined  maximum  value. 


MEASUREMENTS 

CORPORATION 


(89) 

Controlled  Music.  Tel-O-Matic 
Products,  Inc.,  304  Clifton  Ave., 
Clifton,  N.  J.  Two  pamphlets  com¬ 
pletely  describe  and  illustrate  the 
new  musical  robot.  A  35-w  peak 
power,  3-channel  distribution  am¬ 
plifier  permits  radio  reception, 
planned  recorded  music  or  micro¬ 
phone  loudspeaker  unit.  Each  chan¬ 
nel  input  is  fully  controllable 
from  the  front  panel. 


FM  SIGNAL  GENERATOR 

MODEL  78-FM 

RANGE:  86  to  108  megacydet 
OUTPUT;  1  to  100,000  microvolts 
IndiviAioHy  Calibrated  Dial 


(90) 

Graphic  Instruments.  The  Ester- 
line-Angus  Co.,  Inc.,  P.  0.  Box 
596,  Indianapolis  6,  Indiana,  has  a 
list  of  about  fifty  bulletins  de¬ 
scribing  a  variety  of  graphic  in¬ 
struments  and  their  applications. 
The  listing  or  any  of  the  individual 
publications  are  free  to  engineers 
and  executives. 


where  hard-to-hold 


The  small-size  screws  you  so  largely  use 
can  be  held  on  the  end  of  an  Allen  driver 
and  started  in  the  tapped  hole  instanter! 
Or  they  may  be  held  on  an  Allen  Hex 
Key  and  turned  in  places  where  thumb - 
and -finger  work  awkwardly  if  at  all. 
fast  in  assembling! 

And  for  set-ups  hard  to  hold  under  vi¬ 
bration,  "Allens”  have  ( 1)  STRENGTH  for 
tight  wrenching;  (2)  Accurate  threading 
to  a  high  Class  3  fit,  for  a  high  degree 
of  frictional  holding-power. 

Your  local  Industrial  Distributor 
supplies  also  Allen  Socket  Head  Cap 
Screws,  Flat  Head  Cap  Screws, 
''Tru-Ground”  Shoulder  Screws  and 
"Tru~Ground”  Dowel  Pins.  Ask 
him  for  samples  or  demonstration. 


PULSE  GENERATOR 

MODEL  79-B 

RANGE:  50  to  100,000  cycles 
In  three  ranges 

PULSE  WIDTH:  0.5  to  40  microseconds 
OUTPUT;  150  volts 


(91) 

Relays.  Guardian  Electric  Mfg. 
Co.,  1621  W.  Walnut  St.,  Chicago 
12,  Ill.  Many  basic  a-c  and  d-c  re¬ 
lays  are  illustrated  in  Catalog  No. 
10-A,  with  diagrams,  charts  giv¬ 
ing  operating  and  contact  data, 
and  suggested  applications  for 
each  relay. 


NRHUFRCTURERS  Of 

Puts*  Gantrators 
FM  Signal  Ganarators 

SfloareWavaGanatators 

Vacuum  Tuba  Voltmatars 

UHF 

Strength  Mature 
Capacity  BrWgas 
Magohm  Mature 
Phase  Saquanca  Indicatoi 
Taiavision  and  FM  Test 
Equipment 


Catalog 


request 


(92) 

Wires  and  Cables.  Lenz  Electric 
Mfg.  Co.,  1751  North  Western  Ave., 
Chicago  47,  Ill.  Catalog  No.  31  is 
a  16-page  booklet  that  describes 
and  illustrates  a  wide  variety  of 
wires,  cords,  and  cables  for  radio, 
hookup,  antenna,  intercommunica¬ 
tion,  and  similar  use. 


MEASUREMENTS 

CORPORATION 

BOONTON  NEW  JERSEY 


(93) 

X-Ray  Diffraction.  North  Ameri¬ 
can  Philips  Co.,  Inc.,  100  E.  42nd 
St.,  New  York  17,  N.  Y.  Folder 
R1063  describes  the  principles  of 
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Speeify 

MYCALEX 

LOW  LOSS  INSULATION 

Where  high  mechanical  and  elec¬ 
trical  specifications  must  be  met. 


For  Complete  Catalog  and 
Specifying  information  on 
MYCALEX  400,  K.  &  410 
refer  to  pages  84-8S  in  the 
1947  Mid-June 

BUYERS'  GUIDE  ISSUE 


OF  ELECTRONICS. 


27  years  of  leadership 
in  solving  the  most 
exacting  high  frequency 
insulating  problems 

MYCALEX  CORPORATION  OF 
AMERICA 

"Owners  of  'MYCALEX'  Pafents" 

Plant  and  General  Offices:  Clifton,  N.  J. 
Executive  Offices:  30  Rockefeller  Plaza 
New  York  20.  N.  Y. 


A  New  VULCAN 


PLUG  TIP 

Soldering 

Tool 


Remove 
^  4  screws 

^  and  you  can  replace 

Heating  Element  i| 

^  in  a  few  seconds 


5  SIZES  r 

from  V/  dio.  tip  to  1*  dio.  tip 

STURDY  •  LONG  LIVED 
VERY  EFFICIENT  •  LOW  COST 


Send  for  descriptive 
/iferotwre 


VULCAN  ELECTRIC  COMPANY 


DANVERS  MASS. 


Makars  of  a  wide  voriety  of  Heotine  Elements  t«T  assembly  Into  mam»» 
facturer's  own  products  and  of  Heotine  SpeciolHes  that  use  electricity. 


NEW  RMC 


E  R  M I L4  LS  Ki-3  equalizer 


ELECTRIC  WIRES 

Condenser  Plates 
Small  Metal  Stampings 
in  accordance  with 
Customer"* s  Prints 

•  ACCURACY 

•  PRECISION 

•  REASONABLE 
DIE  CHARGES 

Modern  Equipment 
and  Factory 

NO  SCREW  MACHINE  PARTS 

PattonMacGuyer 

Company 


17  VIRGINIA  AVE. 

PROVIDENCE,  R.  I. 


(PATENTS  PENDING) 


for  simplified  operation 
plus  finest  reproduction 
.  .  .  without  compromise 


Get  the  highest  quality  tone  re¬ 
production  possible  by  using  the 
new  EL-3  EQUALIZER  with  both 
Vertical  and  Lateral  recordings. 
Use  one  arm  for  Vertical  only 
and  one  arm  for  Lateral  only  on 
one  turntable  or  separate  tables. 
Connect  both  to  the  new  EL-3 
EQUALIZER  and  obtain  the 
acme  of  perfection  in  reproduc¬ 
tion  from  your  records  and  tran¬ 
scriptions.  By  simply  switching 
the  new  FX-3  EQUALIZER  from 
vertical  equalization  to  Lateral 
allows  changing  from  one  arm 
to  the  other,  at  same  time,  correct 
equalization  is  thrown  in. 

Both  the  KMC  Vertical  onlv 
and  Lateral  only  Reproducers 
can  be  replaced  by  the  RMC. 
Universal  head  on  either  or  both. 

Users  of  present  RMC  El^-2 
Equalizer  can  get  the  extra  ad¬ 
vantages  of  the  EL-3  model  hv 
exchanging  Equalizer  at  a  special 
replacement  price.  Immediate  de¬ 
livery  of  any  extra  arm  or  head 
with  EL-3  Equalizer. 
tf  rite  for  Reproducer  Bulletin  D-.ib 


IRARIO-MI  NIC  CORPORATION 

PORT  i'llK.STER  •  A'EW  YORK 


JHIG  TOWIR 

makes  ajl 
the  difference 


Supports  top 

P®""*  in  90  ^  ^ 

^-ci.ion.buZ,"’*  • 
toddn, 

*^'>hTowor.  .  ' '"'•9fo| 


^ntrodi 


See  your  local  dealer  today  or  write 

ROSTAN  CORPORATION 

203  East  44th  Street,  New  York  17,  N.  Y. 


Vblue  Ful 

RIDER^BQOKS 

FOR  THE 
ENGINEER 


■  UNDERSTANDING 
*  MICROWAVES 

^  by  Victor  J.  Yeung 
I  Provides  a  foundation  for  un- 
I  derstonding  the  various  micro- 

■  wove  developments  of  past  five 

ynors . $6.00 


ucing^ 


a  complete  Ume  of 

NEW  CRYSTAL 
UNITS 

Designed  for 

stability, 
dependability, 

and  economy  by 

CLARK  CRYSTAL  COMPANY 

MARLBORO,  MASSACIIUSETTS,  U.S.A. 

Succcttor  to  Precision  Crystal  Division,  Harvey-WMs  Electronies,  Inc. 

Line  includes  botb  plated  and  pressure  mounted 
types — bermetically  sealed  in  metal,  glass  or  phen* 
olic  holders — temperature  controlled  ovens — dual 
frequency  and  multiple  crystal  units — any  fre¬ 
quency  50  kc  to  54  me. 

-At  All  types  are  acid  etched  to  prevent  •-ArAll  frequencies  are  calibrated  within 
aging  .01  % 

if  All  types  have  low  temperatnre  co-  if  All  types  are  guaranteed  oneondi- 
efficients  tionally 

if  Exact  frequencies  at  no  extra  cost  if  Postpaid  anywhere  in  the  Americas 

Write  today  for  complete  information  and  state  proposed  use 


VIBRATION 


Basie  tasting  ...  spotting  the 
"bugs"  of  strou  and  strain  .  .  . 
fosters  bettsrod  products  and  low* 
orod  costs  in  your  now  postwar 
linos.  All-Amorieans  have  uniform 
accaloration  -  docoloration,  bssidas 
control  at  fixed  cyciss  of  vibration. 
An  inspection  and  research  favorite. 
Write  for  Catalog  F. 


SHOWING 


W  MODEL  100VA 

VERTICAL 
ACTION 


600  to  t.300 
iribraliofti  o«f 
■  inMt, 

•  utontaticdly 


AC  CALCULATION  CHARTS  ■ 

by  Lerenien  * 

For  student  engineers  or  practising  • 
engineers  for  whom  it  provides  an-  ■ 
swer  five  times  faster  than  slide  ■ 
. $7.50  ^ 


CATHODE  RAY  TUBE  AT  WORK 
The  underlying  theory  and  practi¬ 
cal  application  of  commercial  os¬ 
cilloscopes,  profusely  illustrated. 


10  to  55  cycles  per  second, 
automatic  with  automatic  ac¬ 
celeration  and  deceleration. 
10  to  60  cps.  manually. 


Load  capacity  100  lbs.;  other 
models  10  to  25  lbs.  capacity. 
8  models  to  choose  from. 


Send  for  latest  Catalog 


JOHN  F. RIDER  Publisher, Inc. 

404  tOUITM  avENUI  NEW  TOSK  14.  N  t. 
Export  Division:  Sockr-lnternotionol  Corp 
13  t  40tK  Street,  New  York  16,  N.Y 


DELIVERY! 


ALL  AMERICAN 

\i  Tool  &  Manufacturing  Co. 

1014  Fullerton  Ave.,  Chicago  (lA)" 
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The  Right  Quality  Br-th'* 
for  Every  Jo»" 
ALWAYS! 


W  SERIES  600 

INDICATOR  1I6HT 
BRACKET  ASSEMBLIES 

Then  too,  there's  no  danger  of  a 
short  circuit — no  hx>se  terminals 
possible — because  Gothard  ter¬ 
minals  are  fixed.  Each  terminal 
is  securely  locked  in  position  by 
means  of  an  octagonal  Bakelite 
washer  which  provides  greater 
insulation,  at  the  same  time  reg¬ 
istering  with  one  of  the  embossed 
ridges  in  the  bracket  to  prevent 
terminal  turning.  Socket,  ter- 
minals  and  bracket  are  all  brass 
construction. 

Golkard  Dhriiiom 

E.  F.  JOHNSON  COMPANY 

Wetec^  Minn. 


MoM  600, 
brocAaf  down 


Mintoii-Golhanf  cata- 1 
leg  hKf  d«$cribm$  rfi«| 
eomphtm  lint  of  Indi-  \ 
talor  light  Bradiot  At- 
tomblioi  and  many 
athar  ilyhi  of  Indka- 
tor  Ughft—writa  for  it.  I 


c  ^amoui  name  In  /^adio 


Check  BAER  FIBRE  for  ac- 
curate  dimensionine', uniform 
surface,  mechanical  and  elec¬ 
trical  qualities,  and  /ow  cost 
per  piece.  See  how  efBdent- 
ly  a  BAER  FIBRE  terminal 
board,  bushing,  gasket, 
^washer  or  other  shape  can 
D  simultaneously  solve  your 
W  electrical  or  mechanical  prob- 
lem...improve  your  product 
and  save  yon  money!  BAER 
FIBRE  isprecision  fabricated 
(to  your  specificadonf. 

UTBUATURE  ON  REQUEST 

N.  S.  BAER 
COMPANY 

MONTGOMERY  ST.,  HILLSIDE,  N.  j. 


»• 


NEW  PRODUCTS  (centintM^I 

X-ray  diffraction  and  ita  use  in 
industrial  control.  Also  available 
gratis  on  request  are  two  reprint 
leaflets  entitled  “Sampling  Tech¬ 
niques  Applied  to  Quality  Control” 
and  “Metallurgical  Applications  of 
the  X-Ray  Difraction  Spectrom¬ 
eter". 

(94) 

Voltage  Calibrator.  Allen  B.  Du¬ 
Mont  Laboratories,  Inc.,  Passaic, 
N.  J.  A  one-page  reprint  de¬ 
scribes  the  type  264-A  voltage  cali¬ 
brator  which  is  independent  of 
line-voltage  variations  and  can  be 
used  with  any  oscillograph.  A 
descriptive  bulletin  will  be  sent 
on  request. 

(95) 

Chronotron  Tube.  Bendix  Avia¬ 
tion  Corp.,  Eclipse-Pioneer  Divi¬ 
sion,  Teterboro,  N.  J.  This  tem¬ 
perature  -  resistance  device, 
mounted  in  a  miniature-size  vac¬ 
uum-tube  envelope,  was  developed 
primarily  for  use  in  electronic 
control  circuits  providing  time  de¬ 
lay  and  functioning  as  an  inte¬ 
grator.  A  complete  description, 
together  with  diagrams  and  tables, 
is  found  in  bulletin  73-3A. 

(96) 

Rotary  Switch  Catalog.  United 
States  Instrument  Corp.,  19  South 
Harrison  St.,  East  Orange,  N.  J. 
An  8-page  illustrated  catalog  de¬ 
scribes  the  various  types  of  rotary 
selector  switches  manufactured,  be¬ 
sides  giving  dimensional  drawings 
of  representative  t3T)es. 

(97) 

Flow-Rate  Meter.  Fischer  and 
Porter  Co.,  Hatboro,  Pa.,  has 
issued  a  new  bulletin  describing 
and  illustrating  instruments  for 
measuring  flow  rate  of  liquids  and 
gases.  Write  for  a  copy  care  of 
Dept.  2N-C. 

(98) 

Remote  Control.  Yardeny  Labo¬ 
ratories,  Inc.,  105  Chambers  St, 
New  York  7,  N.  Y.  Typical  re¬ 
mote  control  systems  are  described 
in  this  six-page  booklet  These 
everyday  applications  are  particu¬ 
larly  valuable  for  planes,  ships 
and  moving  vehicles  as  well  as 
two-wire  systems. 
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VITAL  AIDS 

FOR  THE 

MaRirfacturcrs  of  7-pin  and  9-pin 
miitiafnro  tube — radios  and  equip¬ 
ment 


#JE-»  (♦.pln)-#JE-IO  <7pin) 
—Star  MIntatura  tockat  wiring 
plugs  for  accurata  alignmant 
of  mlniatura  sockat  contacts 
during  wiring.  Pracislon  cast 
of  zinc  basa  alloy  —  pins  of 
stainlass  staal. 


ttJE-15  (».pln)— 
'#JE-I3  {7.pin)— 
:  Star  Mlniatura  tuba 
p  I  a  straightanars 
(with  stainlass  staal 
iniart)  to  obtain  a 
‘  parfa^  fit  whan  tha 
tuba  Is  placad  in 
tha  aquipmant. 


SciwtHically  dttign^d — Precision  made 

READY  FOR  IMMEDIATE  DELIVERY 
IN  ANY  9UANTITIES 

STAR  EXPANSION  PRODUCTS  CO.  INC. 


147  Cedar  St. 


New  York  6,  N.  Y. 


THE  IDEAL  PAIR 
FOR  RECORDING! 

lilt  inq  " 


for 


i 


Xscoao'**® 


for  cutting  direct 
on  all  coaled  aluminum,  paper 
or  glass  base  discs.  Machine- 
lapped  to  insure  a  mirror-like 
finish  .  .  .  o  clean,  quiel-cut 
groove,  ir 


I 


■■■  ■  ■  Mode  to  fit  the 

groove  cut  by  the  Brilliantone 
Recording  Needle.  Used  by  lop 
radio  stations  and  transcription 
companies. 

Products  of 


H.  W.  ACTON  CO.,  Inc. 

Sole  Distributor 

370  Seventh  Ave.,  New  York  1,  N.Y. 

Send  for  New  Catalog  “D" 
and  Current  Price  Lists. 


ANOTHER 
SPECIAL  BY 
PR06RESSIVE 


COAXIAL  CABLE  RELAYS 

for  high  frequency  switching 

Two  Sizes:  50  Watt  and  250  Watt  Capacity 
— standard  coll  operating  voltages  AC  or  DC. 


(y^rds  actual  size) 

(Yi  actual  she) 

Write  for  Descriptive  Literature  CE6 

KEYING  REUYS  • 

SENSITIVE  AND 
MEDIUM  DUTY 
PDWER  RELAYS 


SI(i\lL  E\lil\EEI!IMi  &  UFli.  IT). 

\:A  \\FS\  llth  Si.,  .\KW  YORK  N,  N.  V. 
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with  your 
problems  in 

ULTRAHIGH 
FREQUENCY 
TRANSMISSION 
&  RADIATION 

By  NATHAN  MARCHAND 


Here  is  a  book  for  practicing  engineers 
who  bare  to  use  UHF  in  systems  of 
mobile  and  relay  communications;  fre¬ 
quency  •  modulation ;  relay  and  color 
televisioo;  pulse  time  modulation;  and 
in  many  other  specialized  applications. 

The  author,  himself  a  praaidng  engi¬ 
neer,  presents  the  basic  principles  of 
UHF  so  that  you  can  readily  apply 
them  to  the  solution  of  your  particular 
problems. 

All  derivations  and  developments  in 
the  text  lead  to  results  that  you  can 
use  on  the  job.  To  make  this  easier, 
MJC.S.  units  have  been  used  through¬ 
out.  The  author  deals  with  transmis¬ 
sion  lines,  antennas' and  wave  guides 
as  equipment  that  has  to  be  designed, 
construaed  and  used. 

Mr.  Marchand  uses  a  mathematical  ap¬ 
proach  in  the  derivations,  with  a  de¬ 
tailed  discussion  of  results — to  give  you 
a  perception  of  the  phenomena  taking 
place.  No  attempt  is  made  to  cover  the 
entire  specialized  field  of  transmission 
and  radiation,  but  the  fundamental 
principles  are  covered  in  full.  Mr. 
Marchand  includes  many  clarifying  ex¬ 
amples  and  detailed  explanations,  and 
he  makes  free  use  of  graphic  figures. 

Contents  include:  Trannnission  Lines; 
Elements  of  Vector  Analysis;  Funda¬ 
mental  Electromagnetic  Equations ; 
Plane  Elearomagnetic  Waves;  Radia¬ 
tion;  Antenna  Arrays;  Wave  Guides; 
Complex  Transmission  Line  Network 
Analysis. 


1947 


332  Pages 


$4.50 


Address. 

City . 

State.... 


;  FREE  EXAMINATION  COUPON 

j  JOHN  WILEY  &  SONS,  INC. 

j  440  Fourth  Ava.,  New  York  16,  N.  Y.  E-IO-47 
■  Please  send  me,  for  ten  days'  FREE  EXAMI- 
!  NATION,  a  copy  of  Marchand's  ULTRAHIGH 
:  FREQUENCY  TRANSMISSION  $  RADIATION. 
•  If  I  desire  to  keep  the  book,  I  will  remit 
2  $4.50  plus  postage.  Otherwise  1  will  return 
2  the  book  postpaid. 

S  Name . 


Employed  by . 

(Offer  mot  valid  outside  V.  S.) 


NEWS  OF  THE  INDUSTRY 

(continued  from  p  I4i) 

and  51  to  52.5  me.  The  purpose  is  to 
determine  whether  or  not  it  is  prac¬ 
tical  for  narrow-band  f-m  and  con¬ 
ventional  a-m  to  operate  within  the 
same  portions  of  the  amateur  phone 
bands. 

As  used  by  amateurs  at  present, 
narrow-band  f-m  is  defined  as  a  sys¬ 
tem  of  frequency  modulation  where¬ 
in  the  peak  deviation  is  kept  equal 
to  or  less  than  the  maximum  modu¬ 
lation  frequency.  Experience  has 
already  shown  that  in  many  cases 
where  a-m  amateur  signals  caused 
interference  to  broadcast  reception, 
such  interference  was  completely 
eliminated  when  the  amateur  sta¬ 
tion  changed  over  to  narrow-band 
f-m  occupying  the  same  bandwidth. 
It  is  desired  to  determine  if  these 
advantages  will  always  hold  true  un¬ 
der  practical  operating  conditions 
and  to  investigate  disadvantages  if 
any. 


Nuclear  Technology 
Magazine 

The  FresT  issue  of  Nucleonics,  a 
new  McGraw-Hill  monthly  devoted 
to  the  peaceful  uses  of  nuclear  fis¬ 
sion,  made  its  appearance  in  Sep¬ 
tember.  The  publication  covers  the 
field  of  nuclear  technology,  as  dis¬ 
tinct  from  that  of  nuclear  science, 
and  will  provide  information  on 
industrial,  medical,  and  other  ap¬ 
plications  of  atomic  power  and  its 
byproducts.  Subscription  price  is 
$15  per  year.  It  will  carry  no  ad¬ 
vertising. 

Included  in  the  initial  issue  were 
articles  by  Drs.  E.  U.  Condon, 
Clark  Goodman,  R.  D.  Evans,  W. 
Radin,  L.  J.  Rainwater,  and  C.  S. 
Wu,  as  well  as  a  statement  from 
the  Atomic  Energy  Commission,  a 
list  of  declassified  Manhattan  Dis¬ 
trict  technical  papers,  and  another 
on  available  radioisotopes. 

The  editorial  staff,  headed  by 
Keith  Henney  as  editor,  includes 
Walter  M.  DeCew,  formerly  of  the 
Los  Alamos  project.  Drs.  John  Dun¬ 
ning  and  H.  H.  Goldsmith  are  ad¬ 
visors. 


Chicago  Conference  Papers 

The  tentative  program  for  the 
National  Electronics  Conference,  to 


Just  plain  TOUGH! 


Clarostat  power  rheostats  are  Just  plain 
TOUGH.  They  stand  up  under  the  most 
trying  seryice.  Thousands  in  daily  use  bear 
witness  to  this  toughness.  So  if  that's  the 
kind  of  reliability  you  expect — in  new  assem¬ 
blies  or  for  maintenance  Jobs — Just  insist  on 
Clarostat  power  rheostats. 


Normol 

I  wl, 

I  •■‘••ge.  **"doe«o 

J^O.OOO 


^  Our  Jobber  can  supply  these  power 
rheostats  in  standard  values.  For  quan¬ 
tities,  write  us.  Engineering  Bulletin  115 
sent  on  request. 


FciAROSTAT^ 

L  ©  J 


CLAROSTAT  MFC.  CO.,  Inc.  •  285  7  N.6ui  St.,  Brooklyn.  N  T. 
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Don’t  Let  Others  Put  You ' 
Out  of  the  Picture! 

CREI  Courses  for  Every  Rodio- 
mou  Keep  You  Ahead  of  Compe- 
tltion— Eorn  You  Morel*  Never  be¬ 
fore  have  to  many  men  like  you  had  the 
opportunity  to  step  ahead  into  better-paying 
jobs  and  enjoy  lasting  success.  Men  with 
up-to-date  technical  training  are  needed  in 
every  branch  of  radio-electronics.  That’s 
because  radio’s  manpwer  has  not  kept  pace 
with  radio’s  technical  developments. 

What  are  you  doing  to  meet  this  need 
for  highly  trained,  expert  technicians  and 
engineers?  You  must  improve  your  tech- 
nicai  knowledge  not  only  to  qualify  for  the 
better  job  you  want,  but  to  hold  the  job 
yon  now  occupy.  CREI  offers  you  a  proved 
program  of  technical  self-improvement  that 
you  can  study  in  your  spare  time,  at  home. 

Remember,  too,  there’s  a  CREI  course  for 
fou.  No  matter  what  your  radio  experience 
— CREI  offers  complete  training  in  radio- 
electronics  for  any  man  who  wants  to  im¬ 
prove  his  ability  and  his  chances  for  ad¬ 
vancement.  You  can  "fo  all  the  way  with 
CREI”  from  introductory  basic  principles 
to  advanced  training  and  on  to  specialized 
engineering  subjects. 

Read  our  24-page  booklet  and  a  free 
sample  CREI  lesson  .  .  .  then  judge  for 
yourself.  There  is  no  obligation. 

Votonmsl  CREI  Is  G.  I.  Mpprovod 
MAIL  COUPON  POI  FREE  ROOK 
AND  FRU  SAMPLE  USSONI 


Mow.  MO  for  ronnrlfl  klaU  the 
eoupoB  for  free  eoiutle  leeeon. 

Bee  bow  ■iviMe  It  Is  to  studs  at 
hooM  the  CRKI  was. 

“CLCCTBON  PHYSICS  AND 
ELECTRON  THEORY"— TUs  In- 
lerestlns  lewna  from  the  Radlo- 
Beatrowirs  eouree  discusses  mud- 
wn  theories  of  the  oomoosltlon  oC 
Matter.  Includlns  stwnle  tnrrn,  and  their  rNatlon  to 
iwesent-day  radio  and  electroolos. 


Capitol  Radio  Cagla—rlHg  lastltafa 

ISta  A  Parli  Rd..  N.W..  best.  E-IO 
Washinstea  It.  0.  C. 

WsR  MS  ova  FRKB  tample  lessen  and  sonr  H-pagt 
Ssehlsi,  "CRBI  TruMng  fnr  Ytmr  Better  Jeh  in 
Radis  Hleeirenies".  /  am  etterhi»g  a  brief  reemme 
et  mo  radio  eaperienee,  edncetien  and  srssent  position. 

Cheek  □  Practical  Radis  Enslneerlns 
Conres  □  Practical  Television  Ensineerinp 


Zens....  State. 


I  □  I  ani 


aatitlsd  to  tralninp  under  the  G.l.  Bill 


be  held  at  the  Edgewater  Beach 
Hotel,  Chicago,  on  November  3,  4. 
and  5,  is  as  follows : 

MONDAT  MOV.  3— MOKMIMO 

Keynote  address  by  President  G.  D.  Stod¬ 
dard  of  the  University  uf  Illlunls. 

Electronics  Cottles  of  Age,  by  Dr.  L.  V. 
Berkner  of  the  Joint  Research  and  Develop¬ 
ment  Board. 

Luncheon  Speaker — W.  Evans,  vice-presi¬ 
dent  of  Westiugbouse  Electric  Co. 

MOMDAV  NOV.  S— AFTERNOON 

1.  NOISE  SUPPRESSION  AND  DISTOR- 

TIO.N 

Dynamic  Noise  Suppressor,  by  H.  H. 
Scott  of  Technology  Instrument  Corp. 

Infermndiilation  Method  of  Distortion 
Measurement,  by  W.  J.  Warren  of  U.  of 
Santa  Clara  and  W.  R.  Hewlett  of  Hewlett- 
Packard  Co. 

b/.\  Ratio  in  AM  Receivers,  by  E.  C. 
Fubini  and  D.  C.  Johnson  of  Airborne  In¬ 
struments  Lab.,  Inc. 

Corona  Discharge  at  High  Altitude  and 
Low  Temperature,  by  H.  J.  Dana  of  Slate 
Coliege  of  Washington. 

2.  ELECTRO.VIC  INSTRTTMENTATTON— 
Ctiairman:  M.  F.  Bebar.  Editor  of  lusiru- 
mentn. 

Self  Ralanelntr  Thermistor  Bridge,  by 
C.  C.  Bath  and  H.  Goldberg  of  Bendix  Radio 
Corp. 

\  ariable  Ratio  Inductance  Bridges  and 
Networks,  by  Phul  Glass  and  Syiva  May 
Dushkes  of  Askania  Regulator  Co. 

A  Miniature  Gastro-nia nometer  for  Elec¬ 
trical  Recording,  by  H.  C.  Roberts  of 
Universlyr  of  Illinois. 

Short-Time  Oscillograpby,  by  Jean  V. 
Lebacqz  of  Johns  Hopkins  University^. 

Luminescent  Screens  For  Cathoite-Ray  Os¬ 
cillograpby,  by  Carl  Feldt  of  DuMont 
•6.  COAXIAL  ELEMENTS  AND  MICRO- 

WAVES 

Bead  Supported  Coaxial  Attenuator 
(4,000  to  10,0(10  me),  by  John  W.  E.  Griema- 
mann  and  Herbert  J.  Carlin  of  Microwave 
Research  Institute,  Polytechnic  Institute 
of  Brooklyn. 

Wave  Propagation  in  Beaded  Lines,  by 
R.  E.  Beam  of  Northwestern  University. 

Coaxial  Elements  and  Connectors,  by 
W.  R.  Thurston  of  General  Radio  Co. 

Broadband  Matching  of  Impedances,  by 
R.  M.  Fano  of  MIT. 

Broadband  Bolometer  Type  U.H.F.  Power 
Meters,  by  M.  J.  DlToro  of  Polytechnic 
Institute  of  Brooklyn. 

4.  OPERATION  OP  ELECTRONIC  RE¬ 
SEARCH — Chairman:  J.  E.  Hobson, 
Armour  Research  Foundation. 

Organization  and  Operation  of  Elec¬ 
tronic  Research,  by  R.  M.  Bowie  of  Syl- 
vania  Electric  Co. 

Electronic  Research  in  the  University, 
by  L.  T.  DeVore  of  University  of  Illinois. 

Electronic  Research  in  the  Research  In¬ 
stitute,  by  G.  E.  Zeigler  of  Midwest  Re¬ 
search  Institute. 

Electronic  Research  in  the  Government 
Service,  by  Archibald  S.  Brown  of  Wright 
Field. 

Banquet  and  Floor  Show — Marine  Dining 
Room. 


TUESDAY  NOV.  4— MORNING 

5.  MICROWAVES 

Higher  Mode  Techniques  for  Wave 
Guides,  by  M.  W.  Goodhue  of  Polytechnic 
Research  and  Development  Co. 

Multiplex  Transmission  Tbrough  Wave 
Guides  Using  Higher  Order  Modes,  by  R.  R. 
Buss,  W.  A.  Hughes,  H.  D.  Ross,  and  A.  B. 
Bronwell  of  Northwestern  University. 

Microwave  Spectroscopy’,  by  D.  K.  Coles 
and  W.  E.  Good  of  Westingnouse  Electric 
Corp. 

Noise  Reduction  in  Radar  and  Com¬ 
munications,  by  S.  Goldman  of  MIT. 

6.  Joint  session  of  National  Electronics 
Conference  and  AIEE,  program  arranged 
by  Aira. 

7.  COMPUTERS 

Electronic  Computers,  by  J.  W.  Mauckly 
and  J.  P.  Eckert  Jr.  of  Electronic  Control 
Co. 

Storage  of  Numbers  on  Magnetic  Tape, 
by  J.  M.  Coombs  of  Engineering  Research 
Associates. 

Computers  for  Aeronautical  Navigation, 
by  Hugo  Scbuck  of  Minneapolis-Honey- 
well. 

8.  ELECTRONIC  CIRCUIT  ANALYSIS  I 
Cathode  Tap,  Cathode  Follower  Ampli- 


FOR  PERSONALIZED 
AHENTION 
TO  YOUR 
RESISTANCE  WIRE 
PROBLEMS 


CONSULT  JELLIFF 

When  confronted  with  any  resisunce  problem, 
take  advanuge  of  the  diversiBed  experiences  of 
JeOiS  in  selecting  the  proper  alloys  lor  your 
specific  applications. 

For  recommendations,  literature,  prices  and  de¬ 
livery  of  Jelliff  Quality  Alloys  get  in  touch  with 
our  nearest  sales  represenutive  or  communicate 
direct  with  Southport,  Connecticut.  Write  or 
phone  for  Prompt  Action. 

JELLIFF  SALES  REPRESENTATIVES 

BOSTON,  INASS.  Phont:  UBERTY  1277 

White  Sales  Co.,  Room  902,  10  High  St. 

CHICAGO,  lU.  Phont:  STAH  S292 

William  MaxweU  Co.,  107  N.  Wacker  Drive 

dEVEUND,  OHIO  Phont:  MAIN  85tS 

A.  J.  Loeb  Sales  Co.,  1836  Euclid  Ave.  So. 

lOS  ANGOES,  CAUF.  Phont:  TRINITY  7353 

Perlmuth-Colman  Associates,  942  Maple  Ave. 

MINNEAP0US,MINN.  Phont:  GENEVA  3373 

Voloo  Company,  622  McKnight  Building 

NEW  YORK,  N.  Y.  Phont:  CALEDONIA  $-1776 

R.  B.  Dana  Company,  101  Park  Ave. 

PMUL,  PA.  Phont:  KINGSLEY  5-1205 

S.  K.  MacDonald,  1931  Spruce  Sc. 

pmSBURGH,  PA.  Phont:  CEDAR  3000 

Wm.  M.  Orr  Co.,  1228  Brighton  Rd. 

ROCHESTER,  N.  Y.  Phont:  MONROE  5392 

J.  R.  Hanna,  P.  O,  Box  93,  Brighton  Sution 

SEATTLE,  WASH.  Phont:  SE-0193 

Perlmuih-Coiman  Associates,  704  Third  Avenue 

HUU,  out,  CANADA 

Mica  Co.  of  Cana^,  Ltd..  P.  O.  Box  189 


242 


October.  1947  —  ELECTRONICS 


THIS  SCREW 
IS  REALLY 

/A 


It  may  look  like  just  one  screw 
to  you  —  but  if  s  really  twins, 
because  ifs  doing  the  work  of 
two  screws  —  doing  it  cheaper 
and  doing  it  better.  A  well- 
known  manufacturer  of  house¬ 
hold  appliances  (name  on  re¬ 
quest)  thought  his  product  had 
too  many  screws  and  asked  our 
Engineering  Department.  We 
thought  so,  too,  and  developed 
this  single  screw  which  works 
better  and  costs  less.  It  will  take 
only  a  three-cent  stamp  and  a 
minute  of  your  secretary's  time 
to  find  out  what  we  can  do  for 


NEW  ENGLAND  SCREW  CO. 

KEENI,  NEW  HAMPSHIRE 


PHOTOYOLT 

Electronic  PROCESS  TIMER 


mn  KtmlOAgSiiS 


A  MUST  for  NOISE-FREE  STORE  DEMONSTRATION 

BOOSTER 

CARRIES  AM,  FM  and  TV  ANTENNAS  ALL  ON  THE  SAME  MAST 

Increase  your  radio  soles  by  bringing  home-like  recep-^'^'^^'"^*^'''><^^^ 

lion  to  any  AM,  FM  and  TV  set  in  your  showroom  . . . 

eliminating  oil  interference  and  bothersome  .  noises,  ^ 


HERE'S  HOW:  The  Purotone  Signal  Booster  System 
it  easily  installed  on  the  roof  of  your  building.  A 
shielded  cooxiol  coble  runs  directly  from  the  most 
to  the  concealed  amplifier  on  the  disploy  floor. 

From  the  amplifier  o  radiating  .wire  is  placed  incon¬ 
spicuously  around  the  display  space.  No  direct  wire 
connection  to  radio  sets  required.  One  system 
serves  any  number  of  floor  models.  Dual  wove  f  > 
traps  in  the  video-type  AM-FM  amplifier  ^ 

bring  in  oil  stations  at  on  overage  tane-  M 
level.  30-40  DB  gain  on  FM;  40-60  DB  m 
gain  on  AM.  Effective  for  any  radio 
department  loyout.  m 

Write  for  illustrated  circular.  W 


WHI^YDUWANT?|S 

m 


•  Better  Insulation? 


•  Moisture  Repellent? 


•  Closer  Tolerance? 


•  Less  Weight? 


•  Space  Saving- 


•  Any  ID  or  OD 


An  acijustable  timing  relay  for  timing 
periods  1/20  to  50  sec. 

•  for  welding,  process  timing, 
printing,  centred  of  machinery, 
and  protection  of  electronic  tubes 

•  for  single  actuation  as  well  as 
sequence  timing  and  recycling  in 
continuous  operation 

•  for  AC  of  any  frequency  and 
for  DC 

Write  for  Bulletin  #950 

PHOTOVOLT  CORP. 

95  Modison  Ave.  New  York  l«,  N.  Y.  I  I  2041  W.  CHARLESTON, 


PRECISION  PAPER  TUBES 


Yoa  can  have  tubas  made 
to  your  spacificafions  in 
any  way  you  dasira.  Preci¬ 
sion  Paper  Tubes  are  spi¬ 
rally  wound  and  heat  treat¬ 
ed  under  compression  tor 
greatest  strength. 


SEND  FOR  NEW 
MANDREL  LIST 
1,000  SIZES. 


Send  specifications, 
or  ask  tor  samples. 
Wa  will  give  you  a 
prompt  astimata, 
without  obligation, 
for  any  quantity. 


Alto  manulacturen  of  Precision  Bobbins,  Coil  Forms,  Spools,  Dust  Caps  and  Thread  Protectors. 


PRECISION  PAPER  TUBE  CO. 


CHICAGO  47.  ILL. 
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RCA  HB-3  Tube  Handbook 

Now  in  3  Binders — 6  Voiumes 

No  other  tube  handbook  provides  as  much 
up-to-the-minute  technical  data  on  tube  types 
as  the  RCA  HB-3_  Handbook,  which  has  been 
a  standard  technical  reference  book  for  over 
15  years.  Indexed  contents  include  general 
data,  characteristic  curves,  socket  connec¬ 
tions,  outline  drawings,  price  lists,  preferred- 
type  lists,  etc.,  for  the  complete  line  of  RCA 
tubes. 

Naw  Shaets  Mnilad  Ragularly.  The  U.  S.  sub¬ 
scription  price  of  $10.00  brings  you  the 
complete  Handbook  in  three  binders,  plus 
supplementary  sheets  containing  new  or  re¬ 
vised  data  as  issued  during  the  year.  Annual 
service  fee  thereafter  is  $2.00.  (These  prices 
apply  only  in  the  U.  S.  and  its  possessions.) 

Subscribe  Now.  Insure  early  delivery.  Mail 
your  remitunce  today  to:  RCA,  Commercial 
Engineering,  Section  W-40J.  Harrison,  N.J. 


mmoto  eompomMTiom  mf  urntmiem 


THERE'S  A  DRAKE 

SOLDERING  IRON 

FOR  EVERY  TYPE  OF 
ELECTRONIC  WORK 


From  that  mighty  mite 


the  Drake  No.  600-10  there  is  a 
high  quality  Drake  Soldering  Iron 
“just  right”  for  the  job. 

Drake  Heat  Controls  and  the 
Drake  “Magic  Cup”  Stand  are 
important  soldering  aids. 


YOUR  RADIO 


PARTS  JOBBER 


SYNTHETIC  SAPPHIRE  For  Resistance 
to  All  Commercial  Chemicals 


If  corrosion  resistance  of  small  parts  is  iiniM>rtant  to 
yonr  iirodnct,  it’s  wortlnvliile^  to  eonsitler  Linde  syn- 
tlietie  sapphire.  'Fhis  new  raw  material  resists  chemical 
attack  and  wear.  It  has  high  ele<’trical  resistance  — 
low  thermal  condnctivit\ . 


1.  Cheiiiii-al  Resistance  ..  All  acuin  .‘1.  Tlieriiial  Conduetivily  .  .  0.015  (cal. 


I.  I)iele<’trir  Constant . 7.5  to  10 


Malf-boules,  weighing 
up  >o  150  carats  I 


Send  for  Data  Slieet  No.  5  for  all  the  specific  properties  of 
this  ailvanla^eons  inalerial — hiNDE  synthetic  sapphire. 


The  Linde  Air  Products  Company 

Unif  of  Union  Carbide  and  Carbon  Corporation 
30  East  42nd  Street  |im  New  York  17,  N.  Y. 
In  Canada: 

Dominion  Oxygen  Company,  Limited,  Toronto 
The  Wi»ril  **lan4le**  »  tru  U‘-tnark  of  The  Linde  .Air  Prodiirti*  0>m|Miny 


DRAKE  ELECTRIC  WORKS,  INC. 

3656  UNCOLN  AVI.  CHICAGO,  ILL'. 


rssTt*****® 

tQUW’W®**'*  have  you 

^  ASSEMBLIES 

LIKE  THESE? 

Heating  Equipment 
Small  Animal  Cages 
Industrial  Baskets 
Baby  Carriages  Stoves 

Leather  Goods,  etc.,  etc. 


Assemblies  cost  more  than  ..you  think.  Not  the 
material,  but  the  time  to  complete  them.  Check  time 
costs  and  you  will  be  startled.  Milford  knows  — 
from  checking  time  costs  for  innumerable  manu¬ 
facturers.  That's  why  they  chose  Milford  Fastening 
Equipment  (semi-tubular  or  split  rivets  and  rivet 
setters).  It  flattens  the  time-cost  curve,  assures 
proved  and  important  savings  on  assemblies  as 
diverse  as  wrist-watches  and  refrigerators.  Don't 
delay.  Investigate  today.  Deliveries  are  not  yet 
normal.  Earliest  ordered,  earliest  delivered.^-eri^* 

The  Milford  Rivet  &  Machine  Co. 

a59  Bridgeport  Avenue,  Milford,  Conn. , 

1002  West  River  Street,  Elyria,  Ohio 

fnquirius  may  also  b«  addrvssed  to  our  subsidiary: 

THE  PENN  RIVET  &  AAACHINE  CO.,  PHIIAOEIPHIA  33,  PENNA. 


MODEL  No.  301 -A 
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NEWS  OF  THE  INDUSTRY 


(continued) 


Unmounted  Cells 

The  shapes  of  Lux- 
iron  photocells  vary 
from  circles  to  squares, 
with  every  in-between 
shape  desired.  Their 
sizes  range  from  very 
small  to  the  largest 
required. 

In  addition  to  the  un¬ 
mounted  cells  shown 
here,  Bradley  also  of¬ 
fers  celU*  In  a  variety 
of  standard  mountings, 
including  plug-in  and 
pigtail  types. 

For  direct  conver¬ 
sion  of  light  into  elec¬ 
tric  energy,  specify 
Bradley’s  photocells. 
They  are  rugged, 
lightweight  and  true- 
to-rating. 


illustrated  literature, 
available  on  request, 
shows  more  models  of 
Bradley  photocells,  plus 
a  line  of  copper  oxide 
and  selenium  rectifiers. 
Write  for  'The  Bradley 
Line.'/ 


tiers,  by  Bradford  B.  Underhill  of  Penn 
State  College. 

Low  Power  Frequency  Multipliers,  by 
K.  J.  Schwarz  of  Columbia  U. 

Series  .Mode  Quartz  Crystal  Oscillator 
Circuit,  by  H.  Goldberg  and  K.  L.  Crosby, 

I  Jr.  of  Bendix. 

j  Luncheon:  An  American  Engineering 
Association,  by  B.  D.  Hull,  Chief  Engineer 
of  Southwestern  Bell  and  President  of 
AIEE. 

TUESDAY  MOT.  4— AFTEBNOOM 

9.  NEW  DEVELOPMENTS 

Ultrasonic  Guidance  of  the  Blind,  by 
Frank  H.  Slaymaker  and  W.  F.  Meeker  of 
Stromberg-Carlson  Co. 

Heatless  Preservation  with  Penetrating 
Electrons  from  the  Capacitron,  by  W. 
Huber  of  Electronized  Chemicals  Corp. 

Citizen's  Radio  Service,  by  R.  E.  Samuel- 
son  of  Hallicrafters. 

General  Trends  in  Foreign  Electronic 
Developments,  by  A.  H.  Sullivan  Jr.  of 
Wright  Field. 

10.  INDUSTRIAL  ELECTRONICS 
Electronic  Half-Tone  Engraver,  by  John 

Boyajian  of  Fairchild  Camera  and  Instru¬ 
ment  Corp. 

Electronic  Servomechanism  Testing  Ma¬ 
chine,  by  H.  W.  Katz  of  U.  of  Illinois. 

Sealed  Ignitrons  for  Radio  Transmitter 
Power  Supplies,  by  H.  E.  Zuvers  of  G-E. 

Single  Phase  Controlled  Rectifier  and 
Inverter  Circuits,  by  C.  M.  Wallis  of  U.  of 
Missouri. 

11.  ANTENNAS 

High  Gain  with  Discone  Antennas,  by 
A.  G.  Kandoian,  W.  Sichak,  and  R.  A.  Fel- 
senheld  of  Federal  Telecommunication 
Lab. 

Slot  Antennas,  by  N.  B.  Lindenblad  of 
RCA. 

Measurement  of  Aircraft  Patterns  in 
Flight,  by  J.  S.  Prichard  of  Airborne  In¬ 
struments  Lab. 

Transmission  Frequencies  for  Line  of 
Sight  Systems,  by  L.  S.  Schwartz  of  NRL. 

12.  NUCLEONICS 

.  Mass  Spectrometer  Type  Leak  Detector, 
by  Robert  F.  Wall  of  Teas  A.  and  M.  Col¬ 
lege. 

Scintillation  Counter,  by  J.  W.  Coltman 
of  Westinghouse. 

Precision  Studies  of  Nuclear  Reactions,  by 
W.  E.  Shoupp  of  Westinghouse. 

WEDNESDAY  NOV.  S— MORNING 

13.  MILITARY  APPLICATIONS  OF  ELEC¬ 
TRONICS 

Guided  Missiles,  by  Walter  N.  Brown  Jr., 
of  Haller,  Raymond  and  Brown. 

Telemetry  System  for  Guided  Missiles, 
by  L.  J.  Neelands  and  Walter  Hauss  of 
G-E. 

Foreign  Developments  in  Infrared,  by 
E.  A.  Underhill  of  Wright  Field. 

Foreign  Vacuum  Tubes  and  High  Fre¬ 
quency  Techniques,  by  B.  L.  Griffing  of 
Wright  Field. 

14.  COM.M UNICATIONS 

Teleran,  A  Technical  Progress  Report, 
by  R.  W.  K.  Smith,  D.  H.  Ewing,  and  H.  J. 
Schrader  of  RCA. 

Crystal  Saver,  by  W.  R.  Hedeman  Jr. 
of  Bendix  Radio  Corp. 

Pulse  Count  Modulation,  by  D.  D.  Grieg 
and  S.  Metzger  of  ITftT. 

Air  Trathc  Control,  by  W.  D.  White  of 
Airborne  Instruments  Lab. 

15.  BASIC  SCIENCE 
Semi-Conductors,  by  K.  Lark-Horovits  of 

Purdue  U. 

Dynamic  Properties  of  the  Infrared 
Cesium  Arc,  by  J.  M.  Frank  and  W,  S. 
Huxford  of  Northwestern  U. 

Supersonic  Detection  of  Infrared  Modu¬ 
lation.  by  F.  J.  Fry  and  W.  J.  Fry,  U. 
of  Illinois. 

Microwave  Scattering,  by  R.  T.  Gabler 
of  Westinghouse. 

16.  INDUSTRIAL  APPLICATIONS 

High  Frequency  Operation  of  Fluorescent 
Lamps,  by  .1.  H.  Campbell  and  B.  D.  Bed¬ 
ford  of  G-E. 

Magnetostriction  Torquemeter,  by  C.  M. 
Rifenberg  and  E.  H.  Schulz  of  Armour  Re¬ 
search  Foundation. 

Saturable  Core  Magnetometer  Applica¬ 
tions,  by  W.  E.  Tolies  of  Airborne  Instru¬ 
ments  Lal>. 

WEDNESDAY  NOV.  5— AFTERNOON 

17.  TELEVISION 

The  Chromoscope,  A  New  Color  Tele¬ 
vision  Viewing  Tube,  by  A.  B.  Bronwell  oi 
Northwestern  U. 

Color  in  Television  Cathode  Ray  Tubes, 
iiy  E.  B.  Fehr  of  G-E. 

A  Modern  Television  Transmitter,  by 
C.  D.  Kentner  of  RCA. 

Monitoring  Equipment  for  Television 


POLAR  AD 


mm 


PICTURE  &  WAVE  FORM 
MONITOR 

Model  MI02 


•  Resolution  greater  than 
600  lines. 

•  10*  Kinescope  and  5' 
oacUlosoope. 

•  Built-In  Bar  Qenerator 
tor  checking  horixontal 
and  vertical  linearity. 

a  Horixontal  and  Vertical 
Pulse  Cross  phaseable 
over  antlre  Kinescope. 

•  All  controls  accesslhle 
from  front  of  rack. 

s  All  parts  readily  ac¬ 
cessible  for  quick  servic¬ 
ing  and  testing. 

s  Monitor  section  occupies 
ITH'xlO'  panel  space 
and  may  be  mounted  at 
a  remote  point. 

a  Video  input  high  im¬ 
pedance. 

a  May  be  operated  by 
either  driven  or  com¬ 
posite  signals. 

a  Voltage  calibrator  for 
Wave  Form  Monitor. 


SpeeWeations 


Input  impedance  of  Picture  Monitor  476,000  ohnu. 
Picture  Amplider:  Flat  to  7.5  Me  1  do. 

Scope  Ampllfler:  Fist  to  3.  Me  ±  1  db. 

Input  Signal:  1  Volt  peak  to  peak. 

115  volts  50/60  cycles — 6  amps. 

Complete  with  tubes  In  a  rack  83'zlS'xSS'. 


Portable  Picture  Monitor 


MODEL  102  MPS 


FEATURES: 

a  Resolution  500  lines, 
a  7'  Kinescope, 
a  High  Impedance  Input, 
a  Rugged  construction, 
a  Size  O'zlO'ziO',  weight 
50  lbs. 

a  Kinescope  removable 
from  front  and  all  parts 
are  readily  accessible. 


SPECIFICATIONS: 

a  Input  Impedance  470.IKHI 
ohms. 

a  Video  Amplifler:  Flat  te 
5  Me  ±  1  db. 
a  Input  Signal:  1  volt  pest 
to  peak. 

a  115  volU  50/60  eyclea 
a  Complete  with  tulles 


Dual  Portable  Picture  Monitor 

MODEL  102  MPD 

Tills  unit  lias  the  same  performance  and  constructioaal 
features  as  the  single  portable  monitor.  This  unit  li 
supplied  In  two  currying  cases  consisting  of  a  contrM 
unit  and  the  dual  monitor  unit.  Each  monitor  may  be 
used  independently  of  the  other. 


9  FERRY  STREET,  NEW  YORK  7.  N.  Y. 
Talavitien  anqliiaart  and  eontnltants 
tba  notion's  qroot  talavlxion  stations 
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Broadcast,  by  M.  Silver  of  Federal  Tel*, 
communication  Lab. 

18.  ELECTRONIC  INSTRUMENTATION  n 
High  Resolving  Power  Infrared  R*. 

cordi^  Spectrometers,  by  R.  C.  Nelsoa 
and  W.  R.  Wilson  of  Northwestern  U. 

The  Phase  ■Meter,  by  B.  O.  Vand«vtt  *f 
O-E. 

Accurate  Measurement  of  Relative  Phase, 
by  R.  Glaser  of  MIT. 

A  Null  Method  for  Determination  of  la- 
pedance  In  the  100-400  me  Range,  by  J.  p, 
Byrne  of  Airborne  Instruments  Lab. 

19.  FM  BROADCAST  DEVELOPMENT 

A  50  kw  FM  Broadcast  Transmitter,  by 
C.  J.  Starner  of  RCA. 

A  Pulse-Counter  Type  FM  Station  Moni¬ 
tor,  by  David  Packard  and  Norman  B. 
Schrock  of  Hewlett-Packard  Co. 

Transatlantic  FM  Transmission.  ^  L.  B, 
.\rguimbau  and  J.  Granliiiid  of  MIT. 

Phase  Modulation  Circuit,  by  S.  M. 
Beleskas  of  RCA. 

20.  ELECTRONIC  CIRCUIT  ANALYSIS  II 
Analysis  of  Oscillator  Frequency  Insta¬ 
bility,  by  F.  P.  Fischer  of  D.  of  Connecti¬ 
cut. 

Transient  Behavior  In  Non-Linear  Sys¬ 
tems,  by  Carl  S.  Roys  of  Syracuse  U. 

Calculation  of  Operating  Characteristics 
of  Electromagnetic  Devices,  by  R.  M.  Sorts 
of  American  Phenolic  Co.  and  T.  J.  Higgins 
of  Illinois  Institute  of  Technology. 


. 

iou  A  -led 


Phototulies  are  doing  all  sorts  of  important 
industrial  jobs,  in  all  types  of  industries  .  .  .  speeding  up  pro* 
diiction  .  .  .  saving  time  and  labor.  Due  to  our  pioneering  and 
intensive  research  in  this  field,  we  are  especially  well 
equipped,  not  only  to  supply  you  with  the  phototubes  you 
need,  but  to  advise  you  on  how  to  use  them  efficiently. 

J  -  Without  obligation,  send  for  our  special 

-i-  phototulie  brochure  and  any  information 

vou  need. 


New  IRE  Officers 


B.  E.  Shackelford,  manager  of  the 
license  department  of  RCA  Inter¬ 
national  Division,  New  York,  N.  Y., 
has  been  nominated  as  president  of 
IRE  for  1948.  Election  returns  will 
be  final  Oct.  24,  1947. 

R.  L.  Smith-Rose,  superintendent 
of  the  radio  division  of  the  National 
Physical  Laboratory,  Teddington, 
England,  has  been  nominated  as 
vice-president. 

In  addition,  a  number  of  regional 
directors  will  be  elected,  and  two 
directors-at-large  for  1948-1950  will 
be  elected  from  the  following  nomi¬ 
nees:  B.  deF.  Bajdy,  consulting  en¬ 
gineer  at  the  University  of  Toronto; 
A.  B,  Chamberlain,  chief  engineer 
of  Columbia  Broadcasting  System; 
J.  E.  Shepherd,  research  engineer 
for  Sperry  Gyroscope  Co.;  J.  E. 
Stratton,  professor  of  physics  and 
director  of  the  research  laboratory 
of  electronics,  MIT. 


ITINENTAL  ELECTRIC  CO 


=^MIDGET  COViJm 

for  High-Frequemy  Application 


Phone  Service  on  Trains 

For  the  first  time  in  the  United 
States,  passengers  on  certain  trains 
of  the  Baltimore  and  Ohio  Railroad 
and  the  Pennsylvania  Railroad,  be¬ 
tween  Washington  and  New  York, 
are  able  to  call  and  receive  calls 
from  any  telephone  connected  with 
the  Bell  System  while  the  trains 
are  in  motion. 

Telephone  service  will  be  avail¬ 
able  for  public  use  initially  on  the 
B  &  O’s  “Royal  Blue”  and  the  Penn¬ 
sylvania’s  “Congressional  Limited” 
in  both  directions  between  Wash- 


Have  a  look  at  B  &  W  Mintductors  when  it  comes  to  choosing 
a  midget  coil  for  that  next  high-frequency  application!  They’re 
inexpensive — they  come  in  a  variety  of  standard  sizes  and 
)  pitches  —  they  lend  themselves  readily  to  all  sorts  of  adap¬ 
tations —  and  B  &  W  "Air- Wound"  construction  assures 
peak  Q  factor  because  there’s  an  absolute  minimum  of 
,r'-'2>s  insulation  material  in  the  electrical  field.  Ideal  for 
band-switching  assemblies. 

1  Miniduclor  Bulletin  78C  gladly  sent  on  request. 
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SAVE  MONEY... USE 

FEDERAL 

short  run  stampings 

^  Whenever  you  need 

accurate  high  quality 
stampings  from  almost 
\  any  material,  specify 
\^A  FEDERAL  stamping.. 

You  are  sure  to  be 
pleased,  and  you  will 
save  money  too! 

FASTER  DELIVERIES 
SAVE  YOU  TIME! 

Speedy  shipments 

Osave  you  valuable 
time  on  design  changes 
or  important  experi- 
t— >  tt.  mental  work.  Helps 
you  moke  faster  de¬ 
liveries  on  special 
orders. 

SEND  FOR  FREE 
Vita's  BULLETIN  TODAY 


for  Pressure 


Measurement 


Fairchild  Precision  linear  Potentiometer 


This  is  actual  performance  data  of  Fairchild's  low  torque  Linear  Potenti¬ 
ometer —  a  small  precision  instrument  of  5,000  ohms  overall  resistance. 
Application:  Telemeterin*g  extremely  accurate  electrical  pressure  meas¬ 
urements  from  0"  to  100"  Hg  obs.  Sensitivity:  Absolute  resolution  of 
0.06%  (from  1,600  turns  on  a  single-turn  mandrel)  and  0.12%  linearity. 
Dependability:  Sustained  linearity  ovex  several  million  preuure  fluctua¬ 
tions.  Construction;  Precision  engineered  for  quantity  production  with 
long-life  gold,  platinum  and  silver  alloy  contacts.  For  complete  data 
address;  Dept.  'F',  88-06  Van  Wyck  Boulevard,  Jamaica  1,  New  York. 


CAMERA 

AND  INSTRUMENT  CORPORATION 


G-E  Variable  Reluctance  Pickup 


Check  these  characteristics  of  the 
G-E  Variable  Reluctance. Pickup 
against  your  present  reproducer  head. 
Make  your  own  exacting  tests.  Prove 
to  yourself  that  this  pickup  will  im¬ 
prove  the  reproduction  quality  given 
by  your  own  phonographs. 

The  6-E  Variable  Reluctance  Pickup  has : 

I  #  No  resonant  peaks. 

I  #  Wide  frequency  response— essentially  flat 
from  30  to  8000  cycles. 

9  High  compliance  of  the  stylus — hence  more 
faithful  reproduction  and  exceptionally  low 
record  wear. 

O  Self  protecting  genuine  sapphire  stylus. 

9  Virtual  freedom  from  "needle  talk". 

9  Practical  insensitivity  to  vertical  vibration— 
the  source  of  surface  noise. 

O  Stability  under  humidity,  heat  and  cold. 

We  are  equipped  to  make  prompt  de¬ 
livery  to  meet  your  production  schedules. 
For  complete  information  on  this  finer 
pick-up  write  General  Electric  Company, 
EJectronics  Park,  Syracuse,  N.  Y. 


Automatic  throughout. 

Can  be  synchronixad 
with  automatic  Stem 
machine. 

Cuts  off  and  flares  in 
one  operation. 

Production  1250  flares 
per  hour.  For  minia¬ 
ture  flares,  fluores¬ 
cent  starters,  stand¬ 
ard  size  lamps,  fluo¬ 
rescent  and  radio 
tubes. 

RANGE  OF  MACHINf 
Gloss  tubing 
27  to  45  gauge 

Length  of  Hares 
5  mm.  to  80  mm. 

Forms  Bares  up  to 
47  mm.  diam. 


Net  weight,  960  Ibt. 
Gross  weight 
1450  lbs. 


Dimensions 

24"jt24"x72" 


Manufacturers  of  High  Vacuum  Pumps,  Auto* 
mafic  Machinery  for  Incandescent  Lamps, 
Electronic  Tubes  since  1916. 

2027  -  46TH  STREET 
NORTH  BERGEN,  N.  J.,  U.  S.  A. 

Tel.  UN  ion  3-7412, 

Cable  Address  "Intermach"  North  Beruen,  N.  J. 
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In  Canada;  Allat  Radio  Corp.,  ltd.,  S60  King  St., 
N.  W.,  Toronto,  Ont. 

Export  Dopt.:  25  Worrtn  St.,  Now  York  7,  N.  Y. 


NEWS  OF  THE  INDUSTRY  (contlnuad)  ^ 

ington  and  New  York,  via  Balti¬ 
more,  Wilmington  and  Philadel¬ 
phia.  On  August  22  the  service  was 
expanded  to  include  Pennsylvania’s 
“Potomac”  from  Washington  to 
New  York  and  “The  Legislator” 
from  New  York  to  Washington. 

A  portion  of  the  lounge  car  on 
each  train  has  been  redesigned  and 
set  aside  for  the  new  telephone 
.service,  and  will  afford  privacy  to 
passengers  using  it.  Attendants 
will  locate 'persons  on  the  train  who 
are  being  called.  The  new  radio¬ 
telephone  equipment,  designed  by 
the  Bell  Telephone  Laboratories, 
utilizes  one  channel  for  sending  and 
the  other  for  receiving,  so  that 
conversations  may  be  carried  on 
in  the  same  way  as  on  a  regular 
telephone  call. 

Telephone  service  from  each 
train  will  be  on  the  same  basis  as 
mobile  radio-telephone  service  pro¬ 
vided  by  the  Bell  System  for  motor 
vehicles  and  other  mobile  units, 
and  the  same  rates  will  apply. 

Another  pioneer  undertaking, 
though  in  a  different  category,  is 
tne  application  of  the  Chesapeake  & 
Ohio  Railway  Co.  for  authority  to 
construct  and  operate  a  system 
which  would  offer  induction  public 
telephone  service  with  certain  of  its 
passenger  trains  en  route  between 
Orange,  Va.,  and  Cincinnati,  Ohio. 
The  estimated  cost  is  $358,900.  Ac¬ 
cording  to  an  FCC  release,  the  rail¬ 
road  is  of  the  opinion  that  “al¬ 
though  direct  telephone  revenues 
may  not  result  in  an  immediate 
profit  to  the  applicant,  the  overall 
benefits  of  the  project  will  result  in 
increased  revenues  from  applicant’s 
transportation  business,  and  will, 
therefore,  be  economically  justi¬ 
fied.” 


\m  FASTER  SOLDERING 
I  Z  NEW  WELLER 
'  SOLDiRING  GUNS 


TERMINAL 

WIRING 


Connections  mode  through  Fanning 
Strip  on  bench  or  anywhere  opart 
from  barrier  strip,  and  quickly 
slipped  into  assembly. 


9-141 

BARRIER 

STRIP 


SOIDERIITE-Soatlidits 
tW  work 


9-161 

fanning 

STRIP 
PAT.  APP. 
FOR 


DUAL  HEAT~3S%  i««vc 
hrat  (oi  ilnssii  solAriing 


Designed  for  use  with  JONES  BARRIER 
TERMINAL  STRIPS  No.  141  and  No.  142, 
for  one  to  twenty  terminals. 


#  Simplifies  and  facilitates  soldering. 
No  complications. 


The  new  Weller  Soldering  Guns  with 
Solderlite  plus  the  fast  5  second  heat¬ 
ing  help  make  service  work  more  prof¬ 
itable  for  radio.television  and  appliance 
service  men,  electrical  maintenance 
men,  electric  motor  rewinding  and  re¬ 
pair  shops  automotive  electrical  serv¬ 
ice.  A  useful  and  time-saving  tool  for 
laboratory  workers,  experimenters, 
hobbyists,  telephone  installation  and 
maintenance  men.  See  your  radio  parts 
distributor  or  write  for  bulletin  direct. 

806  Packer  St.,  Easton,  Pa. 


#  Insures  correct,  positive,  and  firm 
connections.  The  right  wire  to  the 
right  terminal  everytime. 

#  Time  Saving — Speeds  up  assembly. 

#  Ideal  for  harness  or  cable  assembly. 

#  Strong  construction.  Brass  terminals 
cadmium  plated.  Heavy  bakelite 
mounting. 


F-M  Educational  Networks 

According  to  a  recent  FCC  survey, 
23  states  indicated  active  interest 
in  establishment  of  statewide  f-m 
educational  networks.  In  acting 
upon  applications  for  noncommer¬ 
cial  educational  f-m  stations,  the 
Commission  considers  carefully 
how  the  proposed  stations  will  fit 
into  any  statewide  plan  for  educa¬ 
tional  f-m.  Construction  of  a  suffi¬ 
cient  number  of  such  f-m  facilities 
throughout  a  state  would  bring 
every  school  and  home  in  the  state 


Sand  for  comp/afa  data  on  this  now  basic 
improvamant. 


Mfd.  by 

HOWARD  B.  JONES  DIVISION 

Cinch  Manufacturing  Corp. 

2460  W.  Gaorga  St.,  Chicago  18,  Illinois 
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HcGRAW-HILL 

DIRECT  MAIL  LIST  SERVICE 


MAILING  LISTS 
THAT 

WORK.. 


McGraw-Hill  Industrial  Mail- 
tag  Lists  ore  a  dirsct  routs 
to  today's  purchoss-control- 
ling  sxscutiTSs  and  tschni- 
dans  in  practically  STsry  ma¬ 
jor  industry. 

Thsss  names  are  oi  particu¬ 
lar  Talue  now  when  most 
manuiacUirers  are  experienc¬ 
ing  constantly  increasing  dii- 
ficulty  in  maintaining  their 
own  lists. 

Probably  no  other  orgoniza- 
tlon  is  os  well  equipped  as 
McGraw-Hill  to  solve  the  com¬ 
plicated  problem  oi  list  main¬ 
tenance  during  this  period  oi 
unparalleled  changes  in  in¬ 
dustrial  personnel.  These 
lists  are  compiled  irom  ex¬ 
clusive  sources,  based  on 
hundreds  oi  thousands  oi 
mail  questionnaires  and  the 
reports  oi  a  nation-wide  ileld 
staii.  and  ore  maintained  on 
a  twenty-iour  hour  basis. 

Investigate  their  tremendous 
possibilities  in  relation  to 
your  own  product  or  service. 
Your  speciiications  are  our 
guide  in  recommending  the 
particular  McGraw-Hill  lists 
that  best  cover  your  market. 
When  planning  your  Indus- 
triol  advertising  and  sales 
promotional  activities,  ask 
for  more  facts  or.  better  still 
write  today.  No  obligation 
of  course. 


McGraw-Hill 
Publishing  Co.,  Inc. 

DIRECl 

MAIL 

DIVISION 

UO  WEST  42nd  STREET 
NEW  YORK,  18,  N.  Y. 


PLUG  IN  SENSITIVE  RELAYS 


NEW  FEATURES  OF  THIS  DESIGN: 

e  Fits  octal  socket. 

e  Outline  dimensions:  «  2"  above  socket. 

Permits  lining  up  contiguous  relays  as  close  together  as  the 
smallest  octal  sockets  will  permit. 

Features  of  All  SIGMA  Series  41  Relays : 

e  DC  sensitivity!  —  0.020  watts  (min.  input.) 
e  AC  sensitivity:  —  0.1  volt-ampere  (min.  input) 

One  standard  IIO  volt  AC  model  draws  about  l-S  milliampere. 
e  Contact  ratings  up  to  IS  amperes  on  low  voltage. 

•  High  quality  construction  —  mechanically  rugged, 
e  Very  low  cost 

sigma  sales  aad  eegineeting  departments 
I  ill iM HI  are  ready  to  give  your  relay  problems  prompt 

.W,  analysis  and  action. 

Sigma  Instruments,  INC. 

RELAYS 

62  Ceylon  St.,  Boston  21,  Mass.  ^ 


hlT  ^  V  ^  aiil 

1  " 

1 

|| 

■OCnETS 


•  Specialists  in  the  production  oi 
highest  grade  Alnico  Magnets. 

•  Production  and  material  rigidly  in¬ 
spected  to  assure  highest  uniform 
quality. 

•  Castings  made  to  order  irom  ctis- 
tomer's  blueprints  or  sketches. 

•  Information  and  suggestions  sup¬ 
plied  on  request. 

Monufoefurert  of  High  Coerciva  Mognaflc  Afleyi 

10001  ERWIN  AVENUE 
DETROIT  5.  MICHIGAN 


•NICS 


BUD  RADIO,  INC 
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within  reach  of  at  least  one  station. 

In  1945  the  Commission  prepared 
to  reserve  20  f-m  channels  between 
88  and  92  me  for  educational  serv¬ 
ice.  As  of  July  15,  1947,  9  commer¬ 
cial  educational  f-m  broadcast  sta¬ 
tions  were  in  operation  on  the  air, 
32  construction  permits  were  out¬ 
standing,  and  8  applications  were 
pending. 

The  Iowa  State  College  of  Agri¬ 
culture  &  Mechanical  Arts,  Ames, 
Iowa,  received  the  first  construc¬ 
tion  permit  for  a  noncommercial 
television  broadcast  station.  No 
other  educational  institutions  hold 
television  authorizations. 

Of  the  32  licensed  standard 
broadcast  stations  operated  today 
by  schools  and  colleges,  20  are  on 
a  nonprofit  basis. 


t1»e 


.  ^  ^  WRITES 

Edword  Zimmerman  W4FNQ 

^  H«  Myt:  “TIm  p«rfortiMnc*  of  fk«  VFO-21  b 
vory  Mtbfactory  in  nvnry  rocpoct.  In  •  com¬ 
parison  dMck  with  tha  Bud  and  ooa  tailing  for 
a  IHtla  mora  than  twica  as  much  monay,  tha 
Bud  b  away  ahaad  in  stability. 

In  using  tha  VFO-2l'*'as  is".  Into  a  madiocra 
antanna  systam  on  40  matars,  I  hava  baan  abla 
to  work  consistantly  into  Cuba,  tha  Bahamas 
and  around  tha  stata,  tha  tona  raports  baing 
almost .  invariably  TTX.  Its  usa  in  conjunction 
with  my  final  ampllfiar,  (pBIh-pull)  BBT’s  at  ISO 
watts  input)  is  antiraly  satisfactory,  tha  output 
baing  anough  to  ovardriva  tha  SOT'S.*' 

It  is  unsollcitad  lattars  lilca  this  from  our 
satlsfiad  customars  that  convinca  us  that  tha 
BUD  VFO-21  is  an  Instrumant  that  balongs  in 
your  shack. 

The  BUD  VFO-21 

Year  Cost  $52.50 


Soviet  Television 

MeOravhHitt  World  Newt 

To  DEVELOP  television  in  the 
U.S.S.R.,  the  Moscow  television 
center  is  to  be  reconstructed  so  as 
to  broadcast  images  with  a  fre¬ 
quency  of  625  lines,  instead  of  343 
lines  as  before,  and  new  televi¬ 
sion  centers  are  to  be  built  in  Len¬ 
ingrad,  Kiev,  and  Sverdlovsk. 

.  The  television  centers  are  to  have 
an  approximate  range  of  40  miles. 
Sound  channels  will  use  f-m.  The 
Moscow  television  center  has  been 
operating  since  December  1945. 
Last  year  it  broadcast  over  100 
shows  and  fifty  movies. 

Before  the  end  of  this  year,  pro¬ 
duction  of  three  types  of  625-line 
television  receivers  is  to  be  started. 
There  will  be  a  table  receiver  with 
a  7-inch  tube;  a  table  receiver  with 
a  9-inch  tube;  and  a  console  re¬ 
ceiver  with  a  12-inch  tube.  The 
smallest  set  will  be  manufactured 
on  a  mass  scale. 

Research  objectives  include  de¬ 
velopment  of  a  new  system  of  tele¬ 
vision  with  a  higher  frequency,  de¬ 
velopment  of  a  system  of  sound  and 
picture  projection  by  one  transmit¬ 
ter  (on  one  carrier  wave),  devel¬ 
opment  of  color  television,  increas¬ 
ing  the  range  of  television  trans¬ 
mitters,  development  of  a  system 
of  interurban  television  networks 
(by  wireless  or  by  cable),  practi¬ 
cal  solution  of  the  problem  of  a 
large  screen,  facilitating  demon¬ 
stration  of  television  broadcasts  to 


This  graph  shows  frequency  renget 
covered  by  each  unit.  Write  us  for 
your  full-size  copy. 


Five  Standard 
Slug -Tuned 
LS3  Coils  Cover 
'A  to  184  me 

For  strip  amplifier  work,  the 
compact  (II^h"  high  when 
mounted)  Coil  is  ideal. 
Also  for  Alters,  Oscillators, 
Wave-Traps  or  any  purpose 
where  an  adjustable  induct¬ 
ance  is  desired. 

Fiv*  Standard  Windings  — 

1, 5, 10,30  and  60  megacycle 
coils  cover  inductance 
ranges  between  750  and 
0.065  microhenries. 

CTC  LS3  Coils  are  easy  to 
assemble,  one  hole  is  all 
you  need.  Each  unit  is  du¬ 
rably  varnished  and  sup¬ 
plied  with  required  mount¬ 
ing  hardware. 

SPECIAL  COILS 

CTC  will  custom-engineer 
and  produce  coils  of  almost 
any  size  and  style  of  wind¬ 
ing... to  the  most  particu¬ 
lar  manufacturer’s  specifi¬ 
cations. 


1.  Cempoct  and  entirely  self-con- 
taleed. 

2.  Stability  comparable  to  crystal. 

3.  Pleg-is  coils  for  highest  eIRciency. 

4.  A  deal  perpose  neit  having  V-F-O 
operation,  with  provision  for 
switching  to  crystal  operation. 

See  it  at  your  local  distributors 
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miGOT 

”RMC" 

CAPACITOR 

The  RMC,  Rugged  Midget  Capacitor,  is 
designed  for  use  where  strength  and 
solid  construction  are  os  important  as 
sound  electrical  design. 

Its  sturdy  frame  consists  of  3/32" 
aluminum  end  plates  reinforced  by 
three  horizontal  pillars  which  hold  the 
ossembly  absolutely  rigid. 

The  RMC  is  ideal  for  use  in  mobile 
equipment  where  the  copacitor  frame 
itself  can  be  used  to  support  other 
components. 

WRITE  FOR  FOLDER 

III  ueeniiii  MFC.  cc..  lie.,  cm  «.  st..  era  vsii  i.  ■.«. 

■Muracrvam*  vr  mcckioh  c*aauiaic*Ti*Ht  cammiar 


PRECISION 

POTENTIOMETERS 


For  use  in  electrical  computers, 
servo  systems  and  other  con< 
trol  circuits  where  360°  rota- 
tion,  high  precision  and  low 

noise  levels  are  essential.  Potentiometer  Toroidal  Type 

Can  be  supplied  in*  a  wide  variety  of  styles  within  linear 
resistance  ranges  from  500  to  20,000  ohms — Linearity  ±.3%; 
enclosed  toroidal  wound,  low  torque,  electrical  angle  360°  or 
less.  Capable  of  rotation  through  angles  greater  than  360°. 

SPECIAL  FEATURES:  Capability  of  continuous  rotation — Accuracy 

of  linearity — Wide  variety  of  contact  and  tapping  arrangements — Durability, 
the  RL-210  type  (6000  ohms,  2  brushes)  showed  no  serious  wear  nor 
measurable  departure  from  initial  characteristics  following  over  one  million 
revolutions  at  speed  of  20  RPM — Ovendl  diamete*  3  15/16",  height  2  15/16". 

JTrite  for  Bulletin  F-68 

THE  GAMEWELL  COMPANY 


NEWTON  UPPER  FALLS  64. 


MASSACHUSETTS 


^STABIUZ^t) 


H11  FOR  MARINE  AND 
AIRPLANE  APPLICATION 

The  Hll  is  known  the  world  over  as 
the  old  standby  for  airplane  and  marine 
application.  Frequency  tolerance  held 
to  .004%  over  a  wide  temperature 
range.  3-pin  base  with  pin  diameter 
.156"  and  spaced  .500  and  .812".  Con 
be  supplied  with  two  crystals  or  one 
crystal  and  a  heater  unit  ior  maintain¬ 
ing  constant  temperature. 

Writ*  for  Illustrated  Folder 


The  JAMES  KRI6HTS'C0. 

SANDWICH,  ILLINOIS 


PROFESSIONAL  ARM 

FOR  GE  VARIABLE  RELUCTANCE 

AND  PICKERING  120M  CARTRIDGES 
Ocfignad  by  VIN  BKOYltS 

1  . . .  will  neither  introduce  nor  amplify  lat¬ 
eral  distortion. 

2  . . .  resonance  characteristic  flat  plus  ar 
minus  DB  40  to  1000  cycles. 

3  . . .  balances  GE  cartridge  at  22  grams  and 
Pickering  120M  at  15  grams  stylus  pressure. 

4  . . .  morning  after  handle  prevents  record 
damage  when  cueing. 

NET  PRICE  .  .  (less  coriridge) . $34.50 


see  your  distributor  or  write 

TECHNICAL  PRODUCTS 

INTERNATIONAL 


The  Smartest 
You  Ever 

SI)  Invested.  I 

fk - 


l'  M  Three  pennies  in  postage  wiM 
bring  you  the  answer  to  real 


-  cost  reductions  in  marking  wires, 

leads,  circuits,  reloys,  ports,  etc. 

•  As  alert  production,  maintenance,  and 
repair  men  everywhere  have  discovered, 
OUIK-LABELS  do  the  job  better,  faster  and 
cheoper  than  string  togs,  roll  tapes,  decals. 
Stencils,  metal  tabs,  etc. 

You  con't  afford  net  to  look 
at  QUIK-LABEL5  . . .  particular*  1 

ly  when  a  3c  stamp  will  bring  /  I ifL  m 
you  FREE  SAMPLES  by  return  4  r  M 
moil.  Clip  that  convenient 
coupon  now.  W.  H.  BRADY 
COMPANY  —  Identification  Specialists  -> 
Milwaukee,  Wisconsin. 


W.  H.  BRADY  COMPANY 
240  W.  Wells  St., 
Milwaukee  3,  Wis 

5  Please  send  me  FREE  famplet  of  OUIK 
LABELS,  the  modem  time  and  mone^ 
sewing  way  to  mark  wires,  leods,  circuits 
^  relays,  ports,  etc. 

*■1  Nome - 

L,  >««■*■»«» 

rl  Pleose  attach  te  yeur  BUSINESS  letterheeL. 


453  West  47th  Street. 


New  York  City  19 
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PORTABLE^ 


(confiratd) 

a  large  audience,  and  solution  of 
the  problem  of  three-dimensional 
television. 


BUSINESS  NEWS 


SwiTCHCRAFT  INC.,  has  moved  into 
new  and  enlarged  quarters  at  1328- 
30  N.  Halsted  St.,  Chicago  22,  Ill. 


U.  S.  Instruments  Corp.,  formerly 
of  East  Orange,  N.  J.,  moved  their 
executive  offices  and  plant  to  409 
Broad  St.,  Summit,  N.  J. 


Induction  Heating  Corp.  has 
moved  to  its  recently  completed 


New  Induction  Heatinq  Corp.  plant 


QNAIi  ELECTRIC  PLANTS 


ICOSMALITE 

m  ym  FORMS  FOR 

^misioh 

RECEIVERS  ^ 


These  spirally  laminated  paper  base,  Phenolic  Tubes  are  delivered  already 
punched  and  notched  to  meet  the  exact  requirements  of  the  customer. 

Ask  also  about  .  .  . 

#96  COSMALITE  for  coil  forms  in  all  standard  broadcast  receiving  sets. 
SLF  COSMALITE  for  Permeability  Tuners. 

Spirally  wound  kraft  and  fish  paper  Coil  Forms  and  Condenser  Tubes, 
r/iere  /s  a  deHnife  saving  to  you 
in  specifying  and  using  Cosmalite. 

'Trade  Mark  Registered 


^i^CIEVEIAND  CONUINERd 

6201  BARBERTON  AVE.  CLEVELAND  2,  OHIO  | 

•  All-Fibre  Cans  •Combination  Metal  and  Paper  Cans  t 

•  Spirally  Wound  Tubes  and  Cores  for  all  Purposes  E 

•  Plastic  and  Combination  Paper  and  Plastic  Items  f' 

it  -k  ^  f 

leoDscTitN  rum  at»  it  riieutk.  wise.,  ottaiKt  %  cmor  n.  etiaL  wcit.  iiaatartit  t  t; 

.  rustics  UnSIIM  d  fUSMtl.  wise.  Npukvi  N.  T.  •  UUSItE  ntlSIM  at  ClenM.  Mml  e  R I  SUES  £  . 
^  IFFICE  -  Ills  liBiat  tSM  •  It  SSttll  -  lie  ChnM  Certaw  CasaO  Itt.  rtastatt.  latirit.  (!!• 


quarters  at  181  Wythe  Ave.,  Brook¬ 
lyn  11,  N.  Y. 

Sperry  Gyroscope  Co.,  Inc.,  Great 
Neck,  N.  Y.,  announces  shipment  of 
45  loran  receivers  since  June  1945. 

Zenith  Radio  Corp.,  Chicago,  Ill., 
recently  bought  a  new  two-story 
building  at  912-22  Washington 
Blvd.,  Chicago. 

The  Erwood  Co.  has  moved  to  214 
Woodstock  St.,  Crystal  Lake,  Ill. 
The  new  plant  provides  complete 
facilities  for  electronic  consulting, 
development,  research,  and  engi¬ 
neering. 

Doone  and  Margolin,  Antenna 
Consultants,  Freeport,  N.  Y.,  is  a 
recently  established  firm.  The 
founders  were  formerly  with  Air¬ 
borne  Instruments  Laboratory,  Mi- 
neola,  N.  Y. 

Sperti,  Inc.,  Cincinnati,  Ohio,  man¬ 
ufacturer  of  ultraviolet  equipment, 
has  purchased  the  Faraday  Electric 
Corp.,  Adrian,  Michigan. 

The  RGH  Mfg.  Corp.  has  moved  to 
a  larger  plant  at  365  Canal  St.,  New 
York  13,  N.  Y. 

Altec  Lansing  Corp.,  Hollywood, 
purchased  the  Peerless  Electric 
Products  Co.,  of  Hollywood,  thus 
increasing  its  W'est  Coast  manufac- 


I 
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kirklan  d 
PILOT-LICHT5 

ARC  DISTPIBUTCD 
NATIONALLY  BY 


ERALH^ECnOC 

SUPPLr  CORPORATION. 


Gray- 

ELECTRIC  COMPANY.  INC. 


WESTINGHOUSE 

ELECTRIC  SUPPLY  COMPANY 


S11  RECESSED 
LAMP  RECEPTACLE 


SI  I  UNIT 

EXTRA  LONS  LAMP  LIFE 
BRILLIANT  VISIBILITY 

St  I  ten  watt  bulbs  available  in  all 
colon.  Bulb  insortod  In  unit  from 
front  of  panol,  creating  affect  of  a 
Ians.  Mounts  In  I  A"  diamotor  hole. 

THE  H.  R.  KIRKLAND  CO. 

Morristown,  N.  J. 


•-  FOR  THE  FIRST  TIME 

HIGH  SENSITIVITY  IN  A 
SELF-CONTAINED  ALL  AC  OPERATED  UNIT 

50  MICROVOLTS  TO  500  VOLTS 


A  few  of  many  uses 

•  Output  Indicator  for  microphones  of  all  •  Gain  at 

typo*  typos  o 

•  Low  loval  phonograph  pickups  p  Densitor 

a  Acceleration  and  other  vibration  moasur.  raphy  a 

ing  pickups  •  Light  fli 

•  Sound  level  measuremonts.  ohotoco 


MODEL 

47 

VOLTMETER 

An  extremely  sensitive 
amplifier  type  instru¬ 
ment  that  serves  simul¬ 
taneously  as  a  volt¬ 
meter  and  high  gain 
amplifier. 


•  Accuracy  ±2%  from  IS 
cycles  to  30  kc. 

:±:5%  from  30  kc.  to 
100  kc. 

•  Input  impadanco 
I  megohm  plus  IS  uuf. 
shunt  capacity 

•  Amplifier  Gein  40000 


*  Gain  and  frequency  measurements  for  all 
typos  of  audio  aquipmont 

P  Oensifomoftic  measuremonts  in  photog¬ 
raphy  and  film  production 

•  Light  flux  measuremonts  in  conjunction  with 
photocolls 


Write  ter  Complete  leformatloe 


Instrument  Electronics 


42-1 7A  Douglaston  Parkway 
DOUGLASTON,  L  I..  N.  Y. 


^•ALL  MAKES 
'•ALL  OHMAGE5 
•  AU  TOLERANCES 
Vj  WAn-1  V\rATT-2  WATT 

•vefV  persono*  \ 

1  ,moH«no«9h  ”  \ 

Deliveries  I 
■  *d.F«OorN.wP-i“Dl_7 


LEGRI  dCoBuT 

846-850  Amsterdam  Avenue 
New  York  25,  N.  Y. 


'RtSISTORS  IS  OUR  BUSINtSS’ 


SMALL  PARTS 

Filaments,  anodes,  supports,  springs, 

etc.  for  electronic  tubes.  Small  wire  and 

• 

flat  metal  formed  parts  to  your  prints 
for  your  assemblies.  Double  pointed  pins. 
Wire  straightened  and  cut  diameter  up  to 
i/8-inch.  Any  length  up  to  12  feet. 

LUXON  fishing  tackle  accessories. 
Inquiries  will  receive  prompt  attention. 

ART  WraE  AMD 
STAMPING  GO. 


227  High  St. 


Newark  2,  N.  I. 


JOST  AHOTHCR  TRANSfORMlR? 
•‘ZZmmmm.a, 


I 


TRANSFORMERS -COILS 


Any  or  all  Types  built  to  individual  specifications 

R  E  S  E  A  R  C  H  -  DESIGN-PRODUCTION 

Single  Items  or  Quantity  Production 

GOSLIN  ELECTRIC  AND  MANUFACTURING  CO. 

2921  WEST  OLIVE  STREET  lURBANK,  CALIFORNIA 
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turing  facilities  to  85,000  square 
feet. 


Now!  Invaluable 

reference  material  on 


New 

Quick-Heating 

THYRATRON 


The  Langevin  Mpg.  Corp.,  New 
York  City,  has  taken  over  the  busi¬ 
ness  previously  carried  on  by  The 
Langevin  Co.,  Inc.  except  for  the 
business  of  the  latter’s  West  Coast 
offices. 


Research  data 


TIMING  CIRCUITS 


IDUSTRIAL  Synthetics  Corp., 
manufacturers  of  flexible  plastic 
tubing  and  tape  for  electrical  in¬ 
sulation,  have  moved  from  Irving¬ 
ton,  N.  J.  to  their  new  plant  at  225 
North  Ave.,  Garwood,  N.  J. 


r— Tichmiou 


—AnfBnnas 

•~~-Direetion 

Finding 

Systems 

-—Generation  of 
Continuous 
Wave  Power 
—Reoepfion  of 
Signais 


MOTOR  CONTROL 


Nicolas  Anton,  formerly  vice- 
president  in  charge  of  manufactur¬ 
ing,  is  now  president  of  Amperex 
Electronic  Corp.,  Brooklyn,  N.  Y. 


•  Now  you  can  have  acoeaa  to  a  rreat  accumu¬ 
lation  of  valuable  research  data  on  radio 
techniques  at  very  high  frequency.  This  two- 
volume  set  presents  a  comprehensive  treatment 
of  antennas,  direction  finding  systems,  genera¬ 
tion  of  continuous  wave  power  and  reception  of 
signals,  at  frequencies  above  about  100  mega¬ 
cycles.  Particular  reference  is  made  to  condi¬ 
tions  permitting  broad  band  or  tunable 
operation.  Much  of  the  emphasis  is  on  con¬ 
tinuous  wave  lengths.  The  volumes  deal  chiefly 
with  broad  band  modulation  and  amplification, 
wide  frequency  range,  and  simplicity  of  tuninit. 


Michael  Halsall  is  chief  engineer 
of  Arlington  Electrical  Products, 
Inc.,  New  York  City,  organized  re¬ 
cently  for  manufacture  of  audio 
equipment 


Jsst  pablisfecrff 


VERY  HIGH 
FREQUENCY 
TECHNIQUES 


Thomas  E.  Stewart,  Jr.,  has  been 
named  chief  of  the  Applied  Elec¬ 
tronics  Branch  of  the  U.  S.  Army 
Engineer  Research  and  Develop¬ 
ment  Laboratories  at  Fort  Belvoir, 
Va.  He  received  the  Exceptional 
Civilian  Service  Award  for  his  de¬ 
velopment  of  metallic,  nonmetallic, 
and  underwater  mine  detectors,  a 
radio  explosives  detonator,  and  a 
barrage  balloon  flight  analyzer. 


1  amp  dc — 1250  volts  pook 
Roplocos  FG-1 7/5557 

Quick  stability  at  low  and  high 
tomperaturos  because  of  inert 
gas  fUling. 


T.  E.  Stewart,  Jr. 


WRITI  FOR  TCCMNICAL  DATA  ROOK 

Thyrcrtrons  and  gase¬ 
ous  rectifiers,  Vi  to  20 
amperes,  full-wove  and 
half  wave. 


Philip  S.  Fogg,  president  of  Con¬ 
solidated  Engineering  Corp.,  Pasa¬ 
dena,  Cal.,  has  been  appointed  spe¬ 
cial  advisor  to  the  acting  manager 
of  the  Chicago  Directed  Operation, 
Atomic  Energy  Commission. 


McGraw-Hill  Book  Co..  330  W.  42nd  St..  NYC  18. 
Send  mo  Radio  RoMaroh  Lab. — Vary  Hl|h  Fr«- 
auency  Tochniquat  for  10  dayo'  examination  on 
approval.  In  10  days  I  will  send  tl4.M.  plus  few 
rents  postaxe.  or  return  books  nootpald.  (Postase 
paid  on  cash  orders.) 

Name  . 

Addres.s  . 

City  and  State . 

Company  . 

Position  . L-lO-47 

(For  Canadian  price,  write  McOraw-HIIl  Co.  of 
Canada.  Ltd..  12  U  chmnnd  Street  K..  Toronto.  1.) 


NATIONAL  ELECTRONICS.  INC. 

GENEVA,  ILLINOIS 


Robert  G.  Herzog  is  now  vice-presi¬ 
dent  in  charge  of  engineering  at 
Universal  General  Corp.,  New  York 
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V" 

AUDIOID? 

1.  AUDIOID  is  the  best  solid 
damping  medium  available. 
Already  in  use  by  many  lead¬ 
ing  manufacturers 

2.  AUDIOID  is  the  first  major 
advance  in  its  field  in  15  yrs. 

3.  AUDIOID  is  a  plastic  without 
a  plasticizer  —  a  viscous  solid 

4.  AUDIOID  'is  resonance-free 
2-20,000  cycles 

•  HIGH  tear  resistance— easy 
to  handle  in  production 
•  HIGH  plastic  memory 
•  HIGH  hysteresis 
•  HIGH  uniformity 
•  LOW  cost 


In  immediate  delivery — 1/32"  1/16" 
*/•"  sheet. 

Write  for  price  schedules 

COOK  LABORATORIES 


U9  Gordon  Blvd. 


Floral  Park,  N.  Y. 


N.  W.  L  CUSTOM  MADE 

EUCTMCill. 

COILS  &  TRANSFORMERS 

FOR  ELECTRONIC  APPLICATIONS 

More  than  20  years  oi  special  coil  and  tronsiormer 
monulacturing  for  industry,  laborotory.  research  and 
instrument  in..sers. 

•  UnlH  SO  VA  to  100  KVA,  2S  to  400 

Cycles  only.  ^ 

•  Prompt  Service  on  single  or  smelt  lots. 

•  Specialist  In  special  transformers  A 
colls  for  reMerch,  aiperlmentel  end 
product  development  work. 

Nothelfer  Winding  Laboratories 


f  Albemarle  Ave. 


Treatea  3.  N.  J. 


Keystone  offers  prompt  deliTory  on  enty 
sise  run.  Complete  tooling  and  machining 
facilities.  We  fabricate  and  assemble  with 
turret  or  alamped  lugs  (you  may  supply 
these  or  use  our  slock). 

Special  test  leoda  or  probes  for  induatriol 
apparatus  or  UHF  testing  instruments 
using  csU.  or  Ethyl  Acetate — bakelite  or 
fibre.  Large  etocks  oi  standard 
probe  tips.  Send  prints  for  prompt 
quota!  O'-  Send  ter  our  catalog 
of  standard  itaim. 


KEYSTONE 

DESIGNERS 


(manufacturers 


3  f  TERMINAL  BO 
IN  TEST  L 


BOARDS 
EADS 


KEYSTONE  ELECTRONICS  CO 

50  FRANKLIN  ST.  NEW  YORK  13,  N.  Y. 


ELECTRIC  INDICATOR  CO. 

PARRER  AVI..  STAMFORD.  COWM. 


For  all  high-tpeed 

Recording  raquiramenta 
whare  PORTABILITY 
and  ACCURACY 
ara  Roquiredl 


. . .  There 

only  one  answer. .  . 

The  Hathaway  Type 
S12-A  Oscillograph 

•  High-frequency  response 

•  12  elements 

•  Internal  Governor  Drive  Motor 

•  Geer-driven  chart.  1/3  to  48  inches 
per  second 

e  Accurate  time  lines 

•  Automatic  record  length  control 

•  Consecutive  record  numbering 

SIMPLE  TO  OPERATE 
SMALL*LI6HT.WEI6HT 

WRITE  FOR  BULLETIN  $P  167-A 


FRACTIONAL  H.P.  MOTOR 


S'rNCHflONOUS  OR  INDUCTION 
MOTORS.  DtSIGNEO  AS  SPLIT 
PHASE.  SINGLE  VALUE  CAPACI¬ 
TOR,  OR  THREE  PHASE  TYPES 

The  Model  '  G  EIiaco  ptotots  ore 

rofed  o»  synchronowt  motors  at  1/20 
ho  Ot  1800  r  p  m  .  06  induction  motor! 
ot  1  / 10  at  1 700  r  p  m  ,  115  volt!  60  cycle 
AC  A  wicte  vortoty  of  otKcr  ipecificotton! 
con  filUd  depending  on  reqidirement! 

Model  G  motoM  ore  4  3  B  dio  ,  5  7  8*' 
long,  and  internol  fan  cooled  Co!t  otumi 
rgm  KoM!<ngs  and  end  brocket!,  wnnkle 
^nuK  Equipped  with  boll  beormg!.  !ingle 
ih.eld  ir»trum*nt  ^ype  Either  ba!e  or  foce 
mounted  AvQiloble  with  automatic  re!et 
thermal  overlood  protection  and  O!  totofly 


i 

m 

y 
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WITH  \^^(eack! 

Spintite  wrenches  give  maximum  effi¬ 
ciency  when  space  is  at  a  minimum.  Com¬ 
plex  radio  assemblies  in  compact  cabinets 
leave  little  room  for  clumsy  tools.  Designed 
for  the  radio  man  who  must  meet  these 
cortditions,  Spintites  reach  where  other 
wrertches  won't. 

Spintite,  the  wrench  built  like  a  screw¬ 
driver,  has  a  straight  shaft,  hollowed 
sufficiently  to  accommodate  nuts  through 
which  the  bolt  protrudes.  It  comes  in  three 
types  to  fit  square,  hex  or  knurled  nuts. 
Sizes  vary  from  3/16"  to  5/8",  com¬ 
pletely  covering  the  range  of  radio  re¬ 
quirements  for  either  repairs  or  assembly. 

For  increased  accessibility,  standardize 
on  Spintite,  a  wrench  that  reaches  those 
"tight  spxjts"  with  ease. 


A* 

' 

J 

:i 

'  1 

1 

1 

J  IF 

l,‘.  li 

i  1  • 

T-73  Set.  has  7  sizes  of  hex  heads. 
Shock-proof  handles,  and  cold  forged 
pockets  assure  safety  and  strength. 

•^oScfsTl^ 

STEVENS -WALDEN 

INCORPORATED 

Worcester  •  Massochusetts 


NEWS  OF  THE  INDUSTRY  (continurd) 

13,  N.  Y.,  distributors  of  radio  and 
electronic  parts  and  supplies. 


Harvey  C.  Rentschlbr,  after  a  80- 
year  career  directing  Westinghouse 
lamp  and  electronic  tube  research 
at  Bloomfield,  N.  J.,  has  retired. 

Alfred  N.  Goldsmith,  editor  of 
Proceedings  of  the  IRE  and  former 
vice-president  of  RCA,  is  now  an 
associate  with  Richard  W.  Hubbell 
and  Associates,  television  consult¬ 
ant  firm. 


Edward  A.  Miller  was  elected  vice- 
president  in  charge  of  engineering 
at  Acme  Electric  Corp.  of  Cuba, 
New  York. 


Stephen  J.  Deitz,  formerly  in 
charge  of  design  engineering  with 
the  Ripley  Co.,  is  now  head  of  sales 
engineering  at  The  Langevin  Manu¬ 
facturing  Corp.,  New  York  City. 

A.  C.  Krueger  has  joined  the  staff 
of  Airborne  Instruments  Labora¬ 
tory,  Mineola,  N.  Y.  as  supervising 
engineer  for  the  antenna  design 
section.  He  served  as  development 
engineer  on  a  guided  missiles  proj¬ 
ect  at  Republic  Aviation  Corp.  since 
February  1946.  From  1943  to  1945 
he  worked  on  the  Manhattan  Proj¬ 
ect  at  the  University  of  Chicago. 

Lauriston  S.  Taylor,  chief  of  the 
x-ray  section  at  the  National  Bu¬ 
reau  of  Standards,  was  elected  as¬ 
sociate  fellow  in  the  American  Col¬ 
lege  of  Radiology. 


WOLLASTON  PROCESS  WIRE 


drown  os  small  as  .000010"; 
Made  to  your  specifications  for 
diameter  and  resistance  .  .  . 


David  Sarnoff  is  now  chairman  of 
the  board  of  directors  as  well  as 
president  of  RCA,  following  retire¬ 
ment  of  General  J.  G.  Harbord, 
who  has  served  as  chairman  since 
1930. 


Orrin  E.  Dunlap,  Jr.  has  been 
elected  vice-president  in  charge  of 
advertising  and  publicity  at  Radio 
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RAWSON 

ELECTROSTATIC 

VOLTMETERS 


Typ«  Sit 


Now  available  to  35,000  VOLTS 
Mcoaur*  tru*  RJ4^.  Taluas  on  A.C.,  no 
wotTofonn  or  froquoncy  orrora. 

NO  POWER  CONSUMPTION 

Loakaqo  roamtance  groator  than  on*  mil¬ 
lion  moqohma.  Thaao  motara  may  bo  uaod 
to  mooauro 

STATIC  ELECTRICITY 

Idoal  ior  mooauring  high  roltago  powot 
•upelioa  with  loro  currant  drain.  Ruggad, 
waU-dompad  moTomant.  All  alamonta  aur- 
roondad  by  matol  ahialding  ior  accuracy 
and  aoiaty. 

Writa  for  now  buHafin 

RAWSON  ELECTRICAL 
INSTRUMENT  COMPANY 

111  POTTER  ST.  CAMBRIDGE.  MASS. 
Rapratanfoflvat 

Chicago  •  Now  York  City  ■  Los  Angolas 


IN-RES-CO 

WIRE  WOUND 

RESISTORS 


TYPE  WATTS 
MAX  RES;  *2S,0M  abini 
MAX  RES:  5,000  sbau  (MaRfaam) 
ROOT  SITE;  ly,"  Ig.  by  diam. 
TOLERANCES:  SM.  3^ 

’Max.  Rtt.  001S  Nkh.  10,000  ahfflt 

TYPE  llA-5  WATTS  •  ' 
MAX  RES:  *50,000  ohms 
MAX  RES:  10,000  ehms  (Hmgnin) 
lOOY  SIZE;  IV, "  tg.  by  diam. 
TOlERARtfS.  $fd.  3% 

’Max.  Rat.  0015  Nkh.  15,000  ohms 


H 


Cloth  bound. 


220  pogos 


$1450 


MEMO  to  Chief  Engineers,  Research  Directors, 
Librarians— 

Your  laboratory  needs  these 
Idea-stimulating,  time-sav- 
Ing,  Indispensable  references. 

f  946  Supplement  Edition 
ELECTRONIC  ENGINEERING 

MASTER  INDEX,  1946 

This  supplamant  to  the  dafinitiva  1925-1945  adition  of 
tha  Mastar  Indax  covars  lha  pariod  from  July  1945  to 
Oacembar  1946.  Contains  ovar  7000  bibliographical  an- 
trias  from  85  Amarican  and  foraign  pariodicals  groupad 
undar  mora  than  400  subject  headings  ranging  over  fields 
of  communication,,  broadcasting,  electronic  applications, 
radar,  FM,  television,  ate.  Also  contains  comprehensive 
section  of  abstracts  on  manufacturers'  catalogs. 


First  Compilation  of  Its  Kind!  ELECTRONIC  ENGINEERING 

PATENT  INDEX,  1946 

Presents  a  wealth  of  information  on  mora  than  2,000  U.  S. 
electronics  patents  issued  during  1946.  Covers  a  wide 
range  of  design,  component,  and  manufacturing  details. 
Every  potent  lists  inventor,  assignor,  claims  granted,  etc. 
Profusely  illustrated.  Here  in  one  volume  is  the  complete 
compilation  from  52  weekly  issues  of  the  U.S.  Patent  Of¬ 
fice  Gazette.  A^book  indispensable  in  design  and  manu¬ 
facturing  departments  of  your  organization. 


Cloth  bound,  476  pogas 


$1*450 


ELECTRONICS  RESEARCH  PUBLISHING  CO 

2-4  WEST  46th  ST.,  N.  Y.  1 9,  N.  Y 


LIMITED 

OFFER 

3373% 

DISCOUNT 

allowed  to  In¬ 
dividual  pur¬ 
chasers  as  a 
prafessianal 
courtesy.  De¬ 
duct  $4.83 
from  $14.50 
price.  This  is  a 
limitod  offer. 


Or 

wlIRHRb 


^  !  tef'etrea 

as  a  source  of  pre- 
cision  -  made 
WASHERS  and 
STAMPINGS 
CUP  WASHERS  manufactured  to 
for  Binding  Screws  specifications 

V/HITEHEAD  STAMPING  CO. 

1691  W.  Lafayette  Blvd.  Detroit  16,  Michigan 


1 

ll 

1 ' 

cm  ,0 

COILSl 


am 


APPLICATION-DESIGNED  RESISTORS' 


UNCIAW 


NEWS  OP  THE  INDUSTRY  (cent!nu«d| 

Corporation  of  America.  For  18 
years  prior  to  joining  RCA  in  1940 
he  was  radio  editor  of  the  New 
York  Times. 


Harry  J.  Woll,  adavanced  develop¬ 
ment  engineer  at  RCA’s  Camden 
plant,  is  the  first  RCA  Victor  em¬ 
ploye  to  receive  an  RCA  fellowship 
under  a  new  plan  for  encouraging 
the  company’s  engineers  to  obtain 
advanced  degrees.  He  will  work 
toward  his  doctor’s  degree  at  the 
University  of  Pennsylvania  in  the 
1947-1948  academic  year. 


Howard  C.  Schubert,  with  Allen  B. 
DuMont  Laboratories  for  five  years 
as  research  engineer,  has  been  ap¬ 
pointed,  a  senior  engineer  at  U.  S. 
Television  Mfg.  Corp. 


The  Pickering  Cartridge  provides 
the  cleanest  reproduction  ever 
achieved,  with  linear  response 
to  the  limits  of  audibility. 

It  tracks  with  only  15  grams 
pressure  and  fits  practically 
any  arm.  It  is  acknowledged  to 
be  the  finest  record  reproducer. 


Everett  B.  Boise,  recently  with 
National  Union  as  chief  commercial 
engineer,  was  appointed  sales  engi¬ 
neer  for  Hytron  Radio  &  Electron¬ 
ics  Corp. 


T.  Keith  Glennan,  holder  of  the 
Medal  for  Merit  as  wartime  direc¬ 
tor  of  the  U.  S.  Navy  Underwater 
Sound  Laboratory,  has  been  selected 
as  new  president  of  Case  Institute 
of  Technology,  Cleveland,  Ohio. 


You  Can  Depend  Upon 


TIMING  MOTORS 


TIME  MACHINES 

for  Sustained  Accuracy  &  s  / 

and  Full  Rated  Power  on  Quick  Starts 


A.  Wright 


T.  K.  Glennan 


Ask  any  time  machine  maker — any 
electric  clock  repair  man  —  what  mo¬ 
tor  outlasts  all  others,  and  ha'll  say 
"SYNCHRON".  In  these  tiny  motors,  all 
pinions  and  shafts  are  of  steel,  operating 
against  polished  brass  gears — for  least 
possible  wear.  All  bearings  are  genuine 
Babbitt,  lubricated  by  a  sealed-in  supply 
of  oil  surrounding  all  moving  parts 
(patented  process).  SYNCHRON  tim¬ 
ing  motors  and  time  machines  .are  de¬ 
signed,  patented,  and  built  for  depend¬ 
able,  trouble-free  service. 

A  new  catalog  containing  engineering 
data  on  SYNCHRON  Motors,  Timing 
Machines,  and  Clock  Movements  is  just 
off  the  press.  Your  copy  will  be  mailed 
promptly  upon  request. 


Antony  Wright,  with  RCA  for 
nineteen  years  and  former  manager 
of  their  television  receiver  engi¬ 
neering  section,  was  recently  ap¬ 
pointed  chief  engineer  of  U.  S. 
Television  Mfg.  Corp. 


Samuel  C.  Milbourne,  formerly 
chief  engineer  of  Eastern  Amplifier 
Corp.,  is  now  manager  of  engineer¬ 
ing  consulting  and  buying  service 
for  K.  Streuber  &  LaChicotte,  New 
York  City. 


Jack  De  Witt,  formerly  chief  engi¬ 
neer,  has  returned  to  station  WSM, 
Nashville,  Tenn.,  as  president  of 
the  station. 


Princaton  10,  Indiana 

(Esfablished  1907 — a  Pioneer  in 
Synchronous  Motors) 
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D.M.  STEWARD  MFC.  COMPANY 


Main  Office  &  Works;  Chattanooga,  Tenn. 
Needham,  Mass,  •  Chicago  *  Los  Angeles 
New  York  •  Philadelphia 


/fv  /coc/iffssf 

R/sfn  muousMme/x  KARS 
rseyksoR  ps^-r/.  . . 
mgemn  rRAc/RSC^m 


ilectrical  r  iuctronic 

IQUIPMINT 

electronic  tube  equipment 

114  HIAD 
tAMO  TUM 
IXHAUSTINa 
MACHINI 


Naturally  you  want  a  tracing 
cloth  that’s  truly  transparent  —  for 
greater  speed,  accuracy  and  mini¬ 
mum  eyestrain.  That’s  why  you’ll 
just  naturally  want  to  use  PEL-X 
Tracing  Cloth  all  the  time,  once 
you  try  it. 


W«  Make 

Com  plat* 
Equipmant 
Th* 

Maaufactur* 
Of  liicand**- 
caat  Lampi 
Radio  and  Elac- 
trenic  Tubal. 


But  Transparency  isn’t  the  only 
reason  for  the  f>opularity  of  this 
tracing  cloth.  It  also  gives  you 
maximum  erasability  with  mini¬ 
mum  feathering.  Why  not  trv 
PEL-X  -  now,  today?  PEL-X, 
water-repellent,  white  pencil  trac¬ 
ing  cloth  is  at  vour  dealer’s  now. 


transformers  of  all  types 


- — 1  Sizat  1/4  To  250  KVA 

Hgn  SPOT  WELDERS 

OF  AU  TYFIS 

yiH  FOt  ALL  FUlPOSIS 

** 

Hfl  tuH  Waldan  •  Oaa  WaMan 

Ara  Waldan 
Naaa  Sl«a  UaHa 
Flaaraiaaat  T~b* 

r  - -  Maaufocturlaq  iqulpiaaf 

CHAS.  EISLKR 

EISLER  ENGINEERING  CO..  INC. 

ni  S*.  I3tft  tt.  (Niar  Amr  Av*.),  Nmark  3,  N.  J. 


WITH  A  CAPITAL  “T”  FOR  TRULY 


FOR  BETTER  PLANS  . . .  Better  Plan  on  PEL-X  Tracing  Cloth 


Currant  Hollliten  Frodwction  Inclwdas:  TRACING  CIOTH&  COATED  and 
IMFREGNATED  FABRICS.  INSULATING  CLOTH  BASE,  SEPARATOR 
CLOTHS,  AAAF  CLOTH,  PHOTO  CLOTH,  REINFORCING  FABRICS.  SIGN 
LABEL  and  TAG  CLOTHS,  BOOKBINDING  CLOTHS,  SHADE  CLOTH. 


THE  HOLUSTON  MILLS,  INC  Norwood,  Moss,  cmcaoo 


LAMINATED  PLASTICS 


Water-,  oil-,  and  chamlcal-reiiiting  shaati  of  high  dielactflc  itrangth. 
Supplied  in  black  ai^  natural  calor.  Standard  ihaats  approximotaly 
49  X  49  inch*!.  Thicknaisas  from  .010  to  9  inches.  Rods  and  tubas. 

Remarkably  uniform,  high-grade,  hard  fibre  in  shoots  56  x  90 
inchos  to  savo  wasto  in  cutting.  Smallor  shoots  if  dosirod.  Also  bi 
standard-sizo  rods. 


Vulcanized  Fibre 


FABRICATED  PARTS  •  TAYLOR  INSULATION  •  SILENT  GEAR  STOCK 
Wo’ro  roody  wftonovor  you  oro.  Sond  bfuoprtnft. 


TAYLOR  FIBRE  COMPANY 

WoeiSe  Coas4  Ploati  1,41  Vonso.  CoUfonia  •  Oificoo  la  I 


STEATITE 

CERAMIC 


Frepartlas  oad  Choroetarlstlcs  of  Oar 
LAVITE  S1-S  Sfaofit*  Ceramic  Body 

Comprovo.ov  tf^.OuO  io».  p^r  inch 

Tontil*  Strength  . 7.200  lbs.  per  squere  inch 

FloursI  Strength  . lO.SOO  tbs.  per  square  ch 

Modulus  of  Rupture  . . 30.000  lbs-  per  rquare  inch 

Oietectric  Strength  . . 235  volts  i  er  mil 

Oislectric  Constant  . 0.42  mjt 

Um  rMtor  . 7.*0 

Fowrr  Factor . 4.4S  '  megae  cle 

BuIR  Specific  Gravity  . 2.S04qb 

bvnsitv  (fro-n  above  gravity) ..  O. OSS  lbs.  per  cubic  ireh 

Hardness  (Mohr  scale)  .  7.0 

Softening  Temperatur#  . 2.  )S0'  P. 

Linear  Coefficient  of  Kxpansion . S. 13x10—' 

Raoiiture  Absorption  (ASTM  O-tlS-42-A) . O.OOS«^ 

Design  engineers  and  manufacturers  in  the  radio, 
elearical  and  electronic  fields  are  finding  in 
LAVITE  the  precise  qualities  called  for  in  their 
specifications  .  .  .  high  compressive  and  dielearic 
strength,  low  moisture  absorption  and  resistance 
to  rot,  fumes,  acids,  and  hign  heat.  The  exceed¬ 
ingly  low  loss-faaor  of  LAVITE  plus  its  excel¬ 
lent  workability  makes  it  ideal  for  all  high  fre¬ 
quency  applications. 

we  will  gladly  supply  samples  for  testing. 


THE  KEY  TO  PRECISION 
Made  to  Order 

QUADRIGA  WASHERS 


To  Your  Specifications 

Inturo  thcil  your  washors  aro  mado  to  fit  your  indlTiduol 
roquIzMBonts.  Sond  specifications  or  scnnp'es  for  estimate 
without  obligation.  Any  quantity.  laroo  or  small,  will  ro- 
ceiTO  prompt  attention.  Also,  SMALL  STAMPINGS. 

SEND  FOR  CATALOG 

THE  QUADRIGA  MFG.  CO. 

Slace  It94 

221 A  W.  Grand  Avenue  Chicago  10.  III. 
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A  few  months  ago  on  expedition 
went  to  Brazil  to  moke  complete 
studies  of  atmospheric  reactions  dur¬ 
ing  the  full  cycle  of  on  eclipse,  and 
Superior  Electronic  Tubing  was, 
figuratively  speaking,  a  member  of 
the  party.  Superior  tubing  to  special 
specifications  went  into  an  instru¬ 
ment  which  was  used  to  study 
meteorological  conditions  of  the 
atmosphere  up  to  20  miles  into  space! 

Superior's  Electronic  Division  is 
proud  to  have  contributed  to  the  per¬ 
fection  of  this  instrument  by  produc¬ 
ing  tubing,  cold  drawn  to  precise 
dimensions,  for  use  in  the  Geiger 
Mueller  tubes  —  important  components 
of  the  instrument.  The  successful 
accomplishment  of  this  undertaking 
involved  a  most  delicate  production 
problem  —  for  the  tubing  which 
Superior  supplied  has  an  extremely 
light  wall,  held  to  very  close  tolerances. 

For  your  intricate  requirements  in 
fine  electronic  or  other  type  tubing, 
consult  Superior's  engineers — they 
are  anxious  to  help  you  solve  your 
metal  tubing  problems. 


TUBE  COMPANY 


ELECTRONICS  DIVISION 

2500  GERMANTOWN  AVENUE 
NORRISTOWN,  PENNSYLVANIA 


NEW  BOOKS 

Television  Techniques 

By  Hottland  Bettinger.  Harper  & 
Brothers,  New  York,  N.  Y.,  19i7,  237 
pages,  $5.00. 

This  is  the  second  book  atemmini? 
from  the  production  experience  at 
WRGB  in  Schenectady.  The  author, 
an  artist,  has  made  notable  contri¬ 
butions  to  the  art  by  emphasizing 
and  analyzing  its  visual  aspects. 
This  study,  introduced  with  a  well- 
illustrated  explanation  of  how  tele¬ 
vision  works,  actually  begins  with 
an  analysis  of  the  medium.  Al¬ 
though  basically  sound,  certain  gen¬ 
eralizations  regarding  television’s 
limitations  are  no  longer  true,  due 
to  technical  advancements.  For  ex¬ 
ample,  space  limitations  can  possi¬ 
bly  be  overcome  by  employing  the 
Zoomar  lens  and  multiple  cameras,  j 

Pictorial  composition  and  con-  | 
tinuity,  visual  and  audio  tech¬ 
niques,  television  script  writing, 
producing,  and  directing  are  cov¬ 
ered  in  the  text.  Unfortunately 
mediocre  material  on  play  direction 
is  included.  Too  sketchy,  and  often  j 
faulty,  it  is  apt  to  mislead  the  un-  | 
initiated.  The  student  of  play  di¬ 
recting  can  find  better  and  fuller 
material  elsewhere. 

Occasionally  the  author  com¬ 
pletely  misses  his  mark.  Figure  17  | 
on  page  41  attempts  to  illustrate  | 
rhythmic  spacing.  Actually  it  is  I 
an  example  of  emphasis  gained  by  [ 
the  use  of  (1)  body  position,  (2)  ! 
actual  line,  (3)  area,  (4)  space,  (5)  j 
visual  line,  and  (6)  focus,  which  ! 
constitute  quite  a  battery  of  play¬ 
directing  techniques.  Illustrations  | 
for  beginners  are  best  when  demon-  | 
strating  only  the  point  under  dis-  i 
cussion.  The  last  two  chapters.  Mo¬ 
tion  Pictures  and  Film  Integration 
and  Television  Lighting,  are  excel¬ 
lent  little  primers  on  their  subjects. 

The  techniques  here  described  j 
imply  a  full  quota  of  studio  person¬ 
nel,  as  is  currently  used  in  large 
studios.  Since  most  television  sta¬ 
tions  in  the  near  future  probably 
will  require  considerable  doubling 
on  the  part  of  their  staffs,  sugges¬ 
tions  along  these  lines  would  have 
been  valuable.  Even  more  disap¬ 
pointing  is  the  lack  of  any  discus¬ 
sion  of  program  types.  Vision  and 
imagination  regarding  the  shape  of  i 


SELENIUM 

RECTIFIERS 


LOW  CURRENT  SELENIUM 
RECTIFIERS 


MODEL  SE8M20F 


I  Low  current  Bradley  sele¬ 

nium  rectifiers  are  designed 
I  for  relays,  current  control, 

and  all  applications  where 
space  is  limited— and  price 
^  as  well  as  quality  is  a 

i  factor.  Balcelite  case  is  %" 

in  diameter  by  IVz"  long. 
Rated  at  110  volts  A.C., 
80  volts  D.C.,  10  milli- 
amperes  D.C.  Completely 
sealed  against  moisture 
and  corrosive  atmosphere. 
Model  SE8M20F  can  be 
modified  for  different  elec¬ 
trical  specifications. 


illustrated  literature, 
available  on  request, 
shows  more  models  of 
seieniimt  rectifiers,  plus 
a  line  of  copper  oxide 
rectifiers  and  photocells. 
Write  for  "The  Bradley 
... 


BRADLEY 

LABORATORIES,  INC. 

82  Meadow  St.  New  Haven  10,  Conn. 
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MEW  lOOKS  (contlnu*^) 

programs  to  come  would  be  wel¬ 
come. 

Mr.  Bettinjrer’s  analytical  work 
of  an  art  still  in  the  embryo  stage 
deserves  close  study.  Studio  and 
technical  personnel  could  profit  by 
a  line-by-line  reading. 

— VIRGINIA  M.  BRADLEY 


Elements  of  Electrical 
Engineering 

By  a.  L.  Cook  and  C.  C.  Carr.  John 
Wilejf  &  Sons,  Inc.,  New  York,  N.  Y., 
Fifth  Edition,  662  pages,  $5.00. 

A  HIGHLY  successful  textbook,  pre¬ 
seating  a  background  of  electrical 
engineering  for  students  specializ¬ 
ing  in  other  fields,  is  here  brought 
up  to  date.  Four  excellent  chapters 
on  electronics  now  include  indus¬ 
trial  applications  as  well  as  funda¬ 
mentals.  Circuit  diagrams commend- 
ably  use  reasonable  approximations 
to  ASA  symbols.  — J.  M. 


TUNED-RIBBON  Pick¬ 
up  model  SA-79 
iActutd  sise — Special 
SlijDIO  arm  not  shown 


*  A  modd  for 
purpose 


Technical  ^  Dictionary 

By  Hans  Thali,  Hitzkirch,  Switzer¬ 
land.  Distributed  by  W.  S.  Heinman 
St  Co.,  125  E.  2S  St.,  New  York,  N.  Y., 
t9i6,  275  pages,  $6.25. 

An  English-German-French  dic¬ 
tionary  (English  terms  in  alpha¬ 
betical  order,  each  followed  by  its 
German  and  French  equivalents) 
covering  terminology  of  electrical 
engineering,  radio,  television,  elec¬ 
trical  communication,  and  most- 
used  terms  of  acoustics,  illumina¬ 
tion,  mathematics,  optics,  and  other 
related  fields.  Coverage  of  English 
radio  and  electronic  terms  is  com- 
mendably  complete  and  should  be 
adequate  for  most  users. — J.M. 


ADMIRABLY  this  revolutionary  NEW  line  by  Audax  bears  out  the 
business  maxim : —  _ 


LOOK  TO  THE  LEADER  FOR  LEADERSHIP* 


Because  a  **permanent-point”  will  maintain  its  original  shape  for  unl> 
a  limited  number  of  plays,  after  which  it  progressively  erodes  the  record 
grooves,  the  importance  of  being  able  to  replace  it  has  always  been  of 
primary  consideration.  Heretofore  sucb  replaceability  carried  with  it  a 
severe  penalty  in  range,  compliance,  point-pressure,  etc.,  etc.  .  .  .  im¬ 
portant  factors  with  modem  discs.  Most  of  the  TUNED-RIBBON  Models 
were  designed  to  satisfy  these  factors. 

NPEfTFICATlONS  Tl'NKD-RIHBIIN 

•  Response-linear  50  eye.  to  over  •  Vibratorv  Momentum — verv  Iom 
10  k.c. 

•  Point  Pressure — about  25  grams 

•  Genuine  Sapphire  Stylus — 

EASILY  REPLACED  BY  USER 

•  Output — about  —  30  db 

•  Impedance — 200  ohms  to  500 
ohms 


•  Quick  plug-in  connectors 

*  Arm  is  Special  Studio  Design, 
aluminum.  Tangent  -  Tracking, 
ball-thrast  and  pivot-point  bear¬ 
ings  in  gimbal  mounting — elim¬ 
inating  side  thrust  and  drag. 

Technicians  listening  to  the  incomparable  reproduction  of  Tl  NED-RIB- 
BON  have  been  startled  at  the  realism  .  .  .  proving  anew  AUDAX  right 
to  the  slogan : — 

'The  Standard  by  Whirh  Other »  Are  dudged  and  Valued^* 

Yes^  Audax  TUNED-RIBBOIS  has  put  something 
into  reproduced  music  that  was  not  there  before 

...  let  YOVR  ears  be  the  fined  judge.  J 

Send  for  literature  * 


Men  and  Volts  at  War 

By  John  A.  Miller.  Whittlesey 
House,  McGraw-Hill  Book  Co.,  Inc., 
Nev  York,  N.  Y.,  19A7,  272  pages, 
tS.75. 

Although  only  two  of  the  twenty 
chapters  deal  with  electronic  equip¬ 
ment  exclusively  in  this  story  of 
how  General  Electric  Co.  mobilized 
for  production  in  World  War  II, 
this  entire  book  makes  fascinating 
reading  for  those  who  perchance 
have  missed  similar  works  such  as 
“Scientists  Against  Time.”  Radar 
production  was  one  of  the  com- 
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THERMOPLASTIC  INSULATED 


RADIO  HOOK-UP  WIRE 


Type  SRIR 


Approved  by  the  Army-Navy  Elec¬ 
tronics  Standards  Bureau  (under 
Spec.  JAN-C-76)  for  Radio  Hook-up 
use  where  the  voltage  does  not  ex¬ 
ceed  1 ,000  V.  Sixes:'  24  Solid  to  6 
Stranded. 

Recommended  for  communications 
and  industrial  electronic  control  ap¬ 
plications,  this  wire  has  proved  to 
be  superior  to  push-back  and  rub¬ 
ber  insulated  types  because  the 
Synkote  insulation  is  almost  totally 
impervious  to  water,  oils,  acids, 
alkalies,  sunlight,  cold,  and  fungus 
growths.  It  is  vermin-proof,  un¬ 
usually  resistant  to  abrasion,  flex¬ 
ing,  and  tearing,  and  will  not 
support  combustion.  In  addition,  it 
has  extremely  high  dielectric  break¬ 
down  strength  and  low  dielectric 
leakage.  In  tests  performed  by  the 
Bureau  of  Ships,  TYPE  SRIR  did  not 
break  down  under  17,000  V. 

To  cut  out  interfering  fields,  it  can 
be  shielded  to  any  S|iecifications 
with  a  braid  of  tinned  or  bare  cop¬ 
per,  woven  (loose  or  tight)  to  any 
specified  degree  of  coverage.  Gauge 
of  shielding  strands  varies  accord¬ 
ing  to  individual  requirements. 

Other,  standard,  approved,  Synkote 
Radio  Hook-up  Wires:  Types  SRHV, 
WL,  and  (Underwriters'  Approved) 
TF,  TFF,  and  Appliance  Wiring  Ma¬ 
terial  are  ovailable  in  both  small 
and  large  quantities  —  shielded,  if 
desired,  to  any  specifications. 

Many  other  types  of  Hook-up  Wire, 
to  meet  special  requirements,  can 
be  manufactured  on  short  notice  — 
in  practically  any  quantity.  For 
complete  information,  consult  our 
Engineering  Deportment. 

Synkote  Antenna  Wire,  and  Two- 
conductor  Parallel  Cord  (with  solid, 
unbreakable,  molded  plug)  are 
also  available. 

Ail  Syakott  wire  has  masaally  toagh, 
practically  age-preaf  iasalatioa. 

_ *Re9.U.S.  Pot.Off. 


PlAUOtD 


(ytatZcfv 


SALES  and  EXECUTIVE  OFFICES: 
19  WEST  44th  STREET 
NEW  YORK  18,  N.  Y. 

Fattory;  Hamburg,  N.  J. 


NEWS  OF  THE  INDUSTRY  (continuad) 

pany’s  biggest  war  assignments, 
involving  at  one  time  a  half  million 
dollars  a  day,  with  G-E  participat¬ 
ing  in  design  and  manufacture  of 
more  than  fifty  different  kinds  of 
radar  sets. — J.M. 


Highways  in  the  Sky 

By  Louis  Shores.  Barnes  &  Noble, 
Inc.,  New  York,  N.  Y.,  19U7,  S69 
pages,  $3.00. 

This  is  the  story  of  the  Army  Air¬ 
ways  Communications  System  that, 
by  V-J  day,  was  operating  a  thou¬ 
sand  airways  stations  in  every  part 
of  the  world  and  creating  highways 
in  all  the  skies  over  this  world  so 
that  man  might  fly  safely  wherever 
he  chose.  The  book  is  filled  with 
dramatic  anecdotes  of  radio  opera¬ 
tors  working  right  through  straf¬ 
ing  and  bombing  attacks  on  airport 
control  towers  to  keep  homing  bea¬ 
cons  in  operation,  bring  planes  down 
safely,  and  send  and  receive  vital 
messages.  Every  radio  man  will  en¬ 
joy  the  adventures  set  down  in  print 
here  for  the  first  time  as  the  AACS 
history. — J.M. 

The  Strange  Story  of  the 
Quantum 

By  Banesh  Hoffman,  Department 
of  Mathematics,  Queens  College,  New 
York,  Harper  &  Brothers,  New  York 
19^7,  239  pages,  $3.00. 

Quantum  mechanics,  whereby  sci¬ 
entists  have  analyzed  and  accounted 
for  the  behavior  of  nuclear  parti¬ 
cles  and  radiations,  has  become  in¬ 
teresting  to  laymen  as  the  under¬ 
lying  explanation  of  atomic  energy. 
The  author  has  readably  presented, 
in  historical  sequence,  the  devel¬ 
opment  of  the  concept  of  the  quan¬ 
tum,  restricting  himself  to  purely 
descriptive  text  for  the  benefit  of 
the  nonmathematically  inclined 
(such  as  salesmen  and  executives) 
who  have  to  know,  but  need  not 
apply,  modern  scientific  concepts. 
— F.R. 


The  Editors  are  informed  by  Carl 
E.  Smith,  author  of  the  book  “Di¬ 
rectional  Antennas,”  reviewed  in 
the  June  1947  issue,  that  the  book 
contains  15,160  antenna  patterns, 
rather  than  the  238  polar  charts 
mentioned  in  the  review. 


. . .  and  now  the 
N£W  Precision 


Electronamic ' 
Tes  t  Master 

SERIES  10-20 


Combination 

Tub#  PERFORMANCE  Tosttr, 
Battery  Tester  and 
34  range  AC-DC  Circuit  Tester 


'Rag.  Pend.  U.S.  Patent  Office 

*A  tube  tested  ior  just  one  character 
istic  does  not  necessarily  reveal  overall 
performance  capabilities.  In  the  Preci 
sion  Electronamic  Tube  Tester,  the  tube 
is  electro-dynomically  swept  over  a 
complete  Path  of  Oi^ration.  on  a  sinu¬ 
soidal  time  base  which  is  automatically 
integrated  by  the  meter  in  direct  terms 
of  Replace-Weak-Good. 

Affords  highest  practical  order  of  obso¬ 
lescence  insurance  thru  use  of  the  Pre¬ 
cision  12  station  Master  Lever  Element 
Selector  System. 

THE  SERIES  10-20 
TEST  MASTER 

is  particularly  engineered  ior  general 
purpose  industrial  and  electronic  main¬ 
tenance,  service  and  instaUotion.  Tests 
aU  modern  standard  receiving  and  low 
power  transmitting  tubes;  including  fa¬ 
cilities  up  to  twelve  individual  element 
prongs;  dual-capped  H.F.  amplifiers,  5 
&  7  pin  acorn  types,  Noval  9  pin  tubes, 
etc. 

CIRCUIT  TESTING  FEATURES 

34  seU-contained  ranges,  to  3000  volts, 
10  megohms,  12  amperes,  -f-  64DB.  • 
400  microami>ere.  4%"  meter  e  All 
standard  functions  at  only  two  tip  jacks 
•  Push-button  range  selection. 


AAODEL  10-20-P  in  portable  hardwood 

case  (illustrated)  . $109.10 

Also  available  in  counter  ond  pcmel 
mount  models. 

All  siedsU  Indnds 
test  iMds  and  ohmmatsr  kattsrlM. 


"Prsciilon”  Msitar  Elaetronamle  Test  Inttru- 
sisnti  new  on  ditslay  at  all  laadlni  radio 
aaulpaient  distributors.  Writs  for  tho  Proelsisn 
1948  eataloo  fully  describing  tho  Eloctronamic 
tubs  performanco  tostinp  circuit. 


PRECISION 

APPARATUS  CO.,  Inc. 
92-27  Horace  Harding  Blvd. 
Elmhurst  1 0,  N.  Y. 


Export  Division:  4au  nioaoway.  N.  Y.  City.  U.S.A. 
Cables:  MORHANEX 
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TUNGSTEN  and  MOLYBDENUM 

QuaUtf  and  accuracf  la  our  fobrica- 
tioB  oi  Tuaqalan  &  Molybdanum  Rib- 
bona  hcnro  charactoritad  our  tarrica 
to  tba  Daetronic  industry. 

4  davalopMaaf  of 

H. CROSS Co. 

i  Baafciaan  St..  Nm>  Vih1i7.  N.Y 


Kahle  ENGINEERING  CO. 

130T  SEVENTH  STREET 
NORTH  RER6EN,  N.  J.,  U.  S.  A. 


WE  manufacture  a  complete  line  of  equipment 


SrttT  WEI.OER8.  elrrtrte  from  14  to  50  KVA 

TK.\N.sKoiiMER8.  sprclal  and  standard  tnma  tAV: 

IXfANI»K8fENT  LAMP  maourat-Turins  euulpmcnt 

FLI  ttRKSfE.Vr  TI  KE  MAKIN'd  K«ll  IPMEXT  f „  “ 

KLECTRtt.VIC  EqriPMENT.  raruum  pumps,  rtc. 

WET  UL.\S8  8LlCINa  and  euctlni  macblnra  for  laboratory  uae 
aENER.VL  GLAra  working  marhlntw  and  burners 
CULLEOE  GLASS  working  units  for  stiidmis  and  laboratory 
EISLER  ENGINERING  CO. 

731  So.  13th  St.  (near  Avon  Ava.)  Newark.  New  Jeruy 


ELECTRON  TUBE 
MACHINERY 
OF  ALL  TYPES 

STANDARD 
AND  SPECIAL 
DESIGN 


specialiie  in 
Equipment  and  Methods 
^^'•nufacture  of 

RADIO  TUIES 
CATHODE  RAY  TUBES 
FLUORESCENT  LAMPS 
INCANDESCENT  LAMPS 
NEON  TUBES 
PHOTO  CELLS 
X-RAY  TUBES 
CLASS  PRODUCTS 

Production  or  Laboratory  Basis 


Wire  StriMor  eomglate 
with  7  InUrchaniaahIa  blades  for  striRplna  aay 
jl«  wire  from  No.  8  to  No.  30  will  be  the  handleet 
tool  la  the  shop.  Stript  800  to  1000  wirot  per 
hour^uU  wiroe  too.  Just  prate  the  handle  and 
the  iob  is  dene.  For  use  with  solid  or  stranded 
wires.  Write  today  for  catalof  of  3.000  elec¬ 
tron  ie  eroduets. 

GENERAL  CEMENTmfg.  co 

ROCKFORD,  ILLINOIS,  U.  S.  A. 


Solve  Wire 


Stripping 
Problems  with 


"SPEEDEX" 


PROMPT  OEUVCRYI 
••2  BLOWER  FOR  COOUNC.  Do- 
Kvora  32  CFM  ter  vontUatinp  and 
for  cooting  oloctronic  tnbao,  pro- 
ioctara.  Powered  by  SM  imhrer. 
aal  motor  doaignod  for  officiont, 
long  Nfo  porfomuinco,!  10volt,60 
cyclo  AC-OC.  Unit  SVx  3  Vn  3  V. 


E.3  BLOWER  FOR  VENTILATION. 
DoNvora  lOO  CFM.  Aaanroa  com¬ 
fort  in  amoM  room  areaa.  QuioL 
radio  intorfaranca.  Shaded  polo 
motor,  1  lO-voH,  60  cycle  AC  only. 
Unit  Bit'  by  B'V-  Fumialiod  with 
meyntiwg  brachoL 


Wtitf  tooar  roe  Dnaas-micis  SMALL  MOTORS,  INC-  DEPT,  SO,  2076  ELSTON  AVE.,  CHICAGO  14 


Peliven^ 


Specializing  in 
High  Voltage  Filament  and  Plat* 
Transformers  for  Electronic  Projects 


|n^^electro  engineering  works 

6021  COtlEGf  AVENUE  •  Oakland  H.  CaliFOSn  , 


RCA  TOYS  SWEEP  GENERATOR 

MODERNIZED 

To  giro  the  Inatruuient  a  f'ruurncy  range  of  5  to 
110  Me..  The  unit  la  then  useful  for  telerlslon 
I.F..  all  lower  rhannels  and  KM.  Price  for  mod- 
emliatlnn  lioo.no.  nellren-  one  week. 

CENTRAL  TELEVISION  LARORATORIES 
401  W.  24tli  St.,  N.  Y.  1,  N.  V. 
LOnqaere  5-323B 


ir.  .  - 


FLUXES 

•  *  SOBERING  X- 
BRAZING  &  WELDING 


ETSi  Bryn  Mawr  Avc. 


REX  RHEOSTAT  CO. 


ELECTRONIC  EQUIPMENT 

Custom  Built 
for  Your  Job 

SUCK  ENGINEERING  CO.,  Irc. 
37  Marcy  Sf.  Freehold,  N.  J. 


MICROMETER 

FREQUENCY 

METER 


for 

Cheeking 
Tranamittora 
from  100  Ke  to  17$  Me. 
within  0.01  per  cent 


LAMPKIN  LABORATORIES 

Bradentem,  PM..  U.  S.  A. 


High  Spoei  Pradufftion  Of  Quality 
R.  F,  Coilp  and  Sub-Laownbliop, 

For  Diaorinlaatlng  Jia.nuf aeturora 

INSTRUMENT 
LABORATORY, INC. 

112C  Hark  Street,  Clnclrnatl  14,  Ohio 


CJipparJ 


CONTRACT  SOLDERINfi 

or 

Small  Electrical  Assembly  Work 

AT  COST 

Our  rwply  arill  oxplaiB  why  w*  con 
oporato  at  cost.  Wo  or#  on  old 
•stablUhod  manu'oeturor  oi  a  na¬ 
tionally  known  product. 

CW-1B34,  Electronics 
330  West  42nd  8treeL  New  York  18,  N.  Y. 


I  INDUSTRIAL  I 

ELECTRONIC  EQUIPMENT 

Designed  and  Manufactured 
In  Any  Quantities  to  Fill 
Your  Needs 

TELEVISION  manufacturing 
subcontracts  solicited 

I  CORONA  INGINIfRINC  SIRVICR 
{94-S2  Corona  Avo.,  Elmbarpt,  N.  Y. 
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ELECTRICAL 

.RECTIFIERS. 


I  FOR  HIGH  FIDELITY  AT  LOW  COSTI 

^  -the  UNIVERSITY  TWEETER  * 


Backtalk 


This  department  is  oper* 
ated  as  an  open  fonuu 
where  our  readers  may 
discuss  problems  of  the 
electronics  industry  or 
comment  upon  articles 
which  ELECTRONICS 
has  published. 


response  Of  " 
tweeter 

^MAX.  response 
lEVEl  SHOWN) 


Common  Sync  Signal 
Dear  Sirs: 

In  a  situation  where  many  vide* 
channels  would  be  occupied  in  a 
locality,  as  in  a  large  metropolitan 
area,  at  would  be  of  advantage  to 
have  a  common  stable  line  sweep 
frequency  generator  for  all  the 
cameras  of  all  the  stations  in  the 
area.  This  standard,  of  course, 
would  be  a  sinusoidal  generator  to 
control  the  rate  of  the  various  local 
sweep  oscillators. 

Of  several  methods  .  .  .  most  con¬ 
venient  would  be  a  small,  low-fre¬ 
quency  transmitter,  operating  in  a 
clear  channel,  modulated  by  the 
sweep  frequency  tone,  or  a  submul¬ 
tiple  of  it  for  bandwidth  conserva¬ 
tion.  The  maintenance  of  the  trans¬ 
mitter  should  be  assigned  to  one 
of  the  video  stations. 

All  the  video  receivers  in  the  area 
could  have  relatively  high-Q  fly¬ 
wheel  tanks  in  their  horizontal  sync 
circuits,  tuned  to  the  stable  common 
oscillator  sweep  frequency.  These 
tanks  would  be  shock-excited  by  the 
sync  pulses,  in  turn  to  control  the 
rate  of  the  local  blocking  oscillators 
or  multivibrators.  This  stable 
■  sweep  rate  would  be  utilized  by  all 
the  video  stations  in  the  area,  so 
that  there  would  be  no  need  for  a 
front-panel  sync  control.  Where 
the  power  line  frequencies  were  dif¬ 
ferent  among  the  various  stations, 
a  common  vertical  sync  rate  could 
also  be  transmitted. 

Variations  of  the  system  could 
include  the  transmission  of  the 

rates  by  a  central  station,  as  WWV. 

The  only  complication  in  the 

actual  video  broadcast  would  be  a 
low-frequency  receiver  at  the  cam¬ 
era  site  for  reception  of  the  sweep 
and  frame-rate  control  signals  from 
the  central  transmitter.  This  re¬ 
ceiver  should  incorporate  a  very 

narrow  audio  bandpass  filter  about 
the  sweep  frequency  to  make  it  rela- 


The  reproduction  of  music  and  voice  with  kreath- 
takina  realism  is  now  possible  with  the  new  UNI¬ 
VERSITY  Dual  Tweeter.  Used  in  conjunction  with 
any  standard  12"  cone  speaker  in  FM  and  AM  radio 
eouipment  and  wide  range  phonograph  amplifiers,  it 
adds  the  brilliant  “highs”  so  frequently  carried  through 
all  stages  of  amplification,  only  to  be  lost  in  the  bottle¬ 
neck  of  a  single  unit  reproducer.  Frequency  response 
is  2,000  to  15,000  cycles,  '^e  die-cast  dual  horn  design 
permits  100*  horizontal  distribution  and  SO*  vertical 
distribution.  A  high  pass  filter  with  auxiliary  high 
frequency  volume  control,  permits  easy  connection  by 
merely  attaching  two  wires  to  the  existing  speaker. 
Mounting  space  only  2X"  high  x  954"  wide.  Power 
handling  capacity  16  watts,  impedance  16  ohms.  For 
complete  information  write  today  to  UNIVERSITY 
LOUDSPEAKERS,  INC.,  80  South  Kensico  Avenue, 
White  Plains,  New  York. 


MODEL  4404 

Daal  Twssisr  la  Walaat  CaMast  wMh 
Hlfli  Pau  Flltw  aad  Valaais  Caatral. 

Usf  Pric*  $40.00 
MODEL  4.401 

Daal  Tareatsr  aaly 

Ust  Pric*  $40.00 
MODEL  440$ 

Ml**  Pass  Flltar  aad  Vsluais  Caatral. 

Lift  Pric*  $10.00 


Selenium 


Copper 

Sulphide 


A  modern  plant  plus  a  resonrcefnl  engineer¬ 
ing  staff  and  a  qnculer  century  of  experience 

provide  the  "know-how"  and  facilities  to  serve 
YOUR  AC  to  DC  power  conversion  require¬ 
ments. 

Manufacturers  of  selenium  and  copper  sulphide  rectifiers, 
rectifier-transformer  assemblies  and  AC-DC  power  supply 
units  for  every  requirement. 

Consulting  service  available 
without  obligation 


THE  BENWOOD-LINZE  CO. 

Division  of  the  Sperry  Corporation 

1815  Locust  St.  St.  Louis  3,  Mo. 

Long  Distance  Telephone  CEntral  5830 


264 


October,  1947  —  ELECTRONICS 


Professional  Services 

Consulting  —  Patents  —  Design  —  Development  —  Measurements 


Radio,  Audio,  Industrial  Electronic  Applications 


THE  APPLIED  SCIENCE 
CORPORATION  OF  PRINCETON 

fkptiet,  UttktmaUet  tnd  BUetrmie* 

IT  III  r  IndiutrUl  AppUemtlona  Endiicarliii 
liiiiirnli  DerelammeDt  ConsulUtlon 

BpacUUit  In  Rndlo  Telemeterinf 
P.O.  Box  <44.  Princeton.  N.  J. 

PlMne:  lAwrenoerlUe.  N.  J.  4M 
OOoe  ft  Lnbomtory:  U.  S.  Hlghwn;  <1.  RD  *4. 

Treotao.  New  Jerapy  _ 


ELECTRO  IMPULSE 
LABORATORY 

Consulting  Physicists 
Rndlo  Interference  and  Noise  Meters:  Interferenee 
Suppression  Methods  for  Ignition  Systems  and 
Eleotrlcnl  Oerioes. 

P.O.  Box  150  Red  Bank.  New  Jersey 

Red  Bank  <-4247 


WILLIAM  R.  MEREDITH 

B.A..  B.8C..  P.RNO.  MBC. 

Bmrristtr-mt-Lstvt 

COSMlUUit  QB 

PATENTS.  TRADE  MARKS  and  COPTRIOHT6 
NaUoaal  Bulldlnt  Ottawa.  Canada 

TslsiikOBS  S-9SS4 


H.  RUSSELL  BROWNELL 

Consulting  Engineer 
SpedaUxlng  In  Measureaaeots  A  Testing 
Inatniments  ft  Techniques  •  Electrical  •  Elec- 
troolo  •  Magnetic. 

IM  West  4th  St.  New  York  14.  N.  T. 

Chelsea  1-41M 


PAUL  E.  GERST  &  CO. 

CONSI7LTINO  ENGINEERS 
8ptfiali*t§  in 

Sleetrieel  Prtdutt  Oseipn 
El.  Machinery  Apparatus  ft  Applications 
El.  Appliances.  HI -Frequencies  Apparatus 
Electronics.  Radio  Conununlcations 
its  W.  Wacker  Dr.  Chicago  t.  lU. 


A.  JOHN  MICHEL 

Registered  Ptstemt  Attorney 

SPECIAUZINO  IN  RLBCTRONIC8 
Halted  States  and  Foreign  Patmit  Mattars 
IS  Park  Row.  Now  York  T,  N.Y.  ToL  OO-T-»0M 


CONTROLS  LABORATORIES.  INC. 
Consulting  Division 
EXCEPTIONAL  FACILITIES 
for _ 

RESEARCH  and  DEVELOPMENT 
Electrical  and  Mechanical  Probleaas 
SPECIAL  PATENT  SITUATIONS 
Background  of  orer  200  research  projects 
Partial  list  of  subjects  arallable  upon  request 
M  Union  St.  Woroester  8.  Mass. 


STANLEY  D.  EILENBERGER 

Consulting  Engineer 
INDUSTRIAL  ELECTRONICS 
Design — DeTelopment — Models 
Complete  Laboratory  and  Shop  Facilities 
<309-18— 27th  Are. 

Eenosha.  Wls.  Telephone  2-4213 


HANSON-SORRILL-BRIAN  INC. 

Product  &  Mfg.  Development 


ELECTRICAL  -  ELECTRONIC 
HYDRAULIC  -  MECHANICAL 


Meadow  Lane 


Glen  Core.  N.  Y. 


Glen  Cots  1922 


GEORGE  J.  MAKI 

Radiotelegraph  Consultant 
PRINTER  -  TELEMETER  -  MORSE 
SYSTEMS  -  APPARATUS 

Moraga.  California 


Eugene  MiHelmann,  E.L,  Ph.D. 

Costsuiting  Engineer  9f  Pkysieut 

High  Frequency  Heating  —  Indnetrlal  HMomnlea 
Applied  Phyelas  and  MathmaaUae 


149  W.  Washington  Bird. 


Chiaago  9,  Dl 


ALBERT  PREISMAN 

Consulting  Engineer 

Telerisfim.  pulse  Teehnlqnee.  Video 
AmplUlere.  Phasing  Netwerka 
Industrial  AppUaatloas 
AfflUatsd  with 

MANAQEMI»iT-TRAININQ  ASSOCIAXRB 
3308-14th  St.,  N.W.  Washington  19.  IN  0. 


ELECTRONIC  ENGINEERING 
CO.  of  CALIFORNIA 

Radio  and  Electronic  Consulting  wd 
Designing. 

2008  W.  Serenth  St.  Los  Angeles 

DRezei  9323  California 


MEASUREMENT  ENGINEERING 
LIMITED 

Consultants  on  Special  Equipment  for 
measurements  and  production  tests,  com* 
munications  and  audio  systems. 

61  Duke  St. 

Toronto  Canada 


JOSEPH  RAZEK.  Ph.  D. 

Consulting  Physicist 
Electric  and  Mechanical  Engineering  Prnhlsgis 
Instruments  and  Control  Derloaa  Elaotrealss 
Specialists  in  Colorimetry.  SpeotrophotosMtry  and 
Industrial  Color  Control 
Laboratory  and  Shop  FactUtlss 
202  Darby  Road  Llsnsrsh.  Pa. 

Phone  Hilltop  <919 


ELM  LABORATORIES 

ELECTRONIC-MECHANICAL 
RESEARCH  ft  DESIGN 
Pstroted  BLU  DevMopmenti  iaelade 
PREORAME  Automatic  Ri^o  Program  Tuner. 
Famous  "Gerty"  Direction  Finder  Loop.  Sealed 
Xtal  Holder.  Home  RsoelTer  Designs. 

20  South  Broadway  Dobbs  Ferry.  New  York 
Phone  Dobbs  Ferry  4058 


WINFIELD  scon  McCACHREN 

AND  ASSOCIATES 

Consulting  Radio  Engineers 

TELEVISION  SPECIALISTS 
Philadelphia: 

809B  Wlndemere  Are.  410  Bond  Building 
Drexel  HIU.  Pa.  Washington.  D.  C 

Sunset  <5S7-W  District  6923 


YARDENY  ENGINEERING  CO. 

Ronote  Controls  (Wires  and  VQrslass) 
Automatic  Derlces 

EaectronJo  •  Eleetrlcal  •  Mechanical 
Consultation  •  Designing  •  Manmfaatnitag 

IftlC60CiA( 

105  Chambers  Street  New  York.  N.  Y. 

Worth  2-9584.  1515 


THE 


CONSULTING 


ENGINEER 


*2^  reason  of  special  training,  wide  experience  and  tested  ability,  coupled 
with  professional  integrity,  the  consulting  engineer  brings  to  bis 
client  detached  enpneering  and  economic  advice  that  rises  above  local  limi- 
tions  artd  encompasses  the  availability  of  all  modem  developments  in  the 
fields  where  be  practices  as  an  expert.  His  services,  which  do  not  replace 
but  supplement  and  broaden  those  of  regularly  employed  personnel,  are 
justified  on  the  ground  that  be  saves  his  client  more  than  he  costs  him," 
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HE  General 
Industries 


•ACKTALK 


(continued) 


tively  insensitive  to  interference 
commonly  present  at  the  lower  fre¬ 
quencies. 

LBO  Mac  a.  I  a 

Brooklyn,  If.  f. 


PACKED  WITH 


F-M  Set  Standards? 

Dear  Sir: 

I  HAVE  just  read  the  July  1947  arti¬ 
cle  "New  Approach  to  FM-AM  Re¬ 
ceiver  Design”.  The  f-m  design  is 
radical  in  that  it  omits,  among  other 
things,  the  limiter  stage.  It  would 
seem  that  this  would  be  an  ideal  sit¬ 
uation  for  a  limiter  to  overcome 
other  deficiencies  since  the  r-f  gain 
is  not  uniform  over  the  band.  I 
have  nqt  heard  this  set  perform  and 
am  willing  to  be  convinced. 

I  have  serviced  a  popular  brand 
f-m  set  with  no  r-f  stage.  I  am 
afraid  I  can  forsee  a  few  years  to 
peeps,  burps,  squeeks,  howls,  and 
whistles  on  the  f-m  band  that  we 
now  have  on  the  a-m  band. 

I  would  like  to  see  an  expression 
from  the  industry  in  general  with 
regard  to  a  set  of  standards,  for  f-m 
set  manufacturers,  to  preserve  the 
advantages  of  f-m. 

Richard  C.  Bowers 

Emeryville,  California 


Model  LX  Rim  Drivo, 
Contfonl  Spood,  Elociric 
Phonograph  Motor 


Smooth  operation,  sturdy  de-  quiet  and  smooth  performance 
pendability  and  |ow  price  of  this  please  every  customer. 

General  Industries  Model  LX  Send  for  details.  Let  us  help 

Phonomotor  account  for  its  wide  you  select  the  right  iinits  for 

acceptance  and  popularity.  your  products  from  the  com- 

Although  compact  and  light-  plete  GI  line  of  Smooth  Power 

weight,  it  has  ample  power  for  Phonomotors,  Recorders  and 

quick  pickup  and  faithful  repro-  Combination  Record  -  Changer 
duction  of  either  10-inch  or  12-  Recorders.  Prompt  deliveries  are 
inch  records.  Constant  speed,  now  available. 

Nel*  to  individual  uimru  Smooth  Power  motor*  are  raid  only  through  ettdblithed  trade  ehannelu 


fcLYRIA,  OHIO 


More  than  14  years 
of  know  -  how  and 
experience  in  every 


Electronism 
Dear  Sir: 

I  HAVE  read  with  interest  the  article 
in  the  June  issue,  “Nucleonics  and 
Electronics”.  The  use  of  this  new 
term  nucleonics  brings  to  mind  a 
word  which  I  first  used  in  1944 
when  working  at  Columbia  Univer¬ 
sity  on  the  Manhattan  Project. 

The  word  to  which  I  refer  is 
“electronism”,  with  the  accent  on 
the  second  syllable,  thus  e-lec’tro- 
nism.  This  word  bears  the  same  re¬ 
lation  to  “electronics”  as  does 
“mechanism”  to  “mechanics”.  The 
accent  shifts  by  one  syllable  in  both 
cases.  I  do  not  find  the  new  word 
awkv'ard  to  use,  once  the  accent  has 
been  placed  correctly. 

Electronism  eliminates  the  need 
for  the  term  “electronic  device”,  or 
worse,  “electronic  gadget”.  In  its 
relation  to  mechanism  it  immedi¬ 
ately  connotes  either  a  component 
of  equipment  or  the  entirety  of 
equipment. 

James  N.  Smith 

Chief  Engineer 

Moleture  Register  Co. 

Laguna  Beach,  California 


PYROFERRIC 
IRON  CORE 


Pyroferric  Iron  Cores  were  first 
made  in  1933  and  the  experience 
and  know-how  gained  in  each  suc¬ 
ceeding  year  are  inherent  in  every 
powdered  iron  product  today  pro¬ 
duced  by  the  Pyroferric  Company, 
including:  a  full  line  of  standard 
sized  Powdered  Iron  Screw-Type 
Cores  of  varying  lengths,  with 
standard  threads,  as  well  as  a  com¬ 
plete  line  of  powdered  iron  cores, 
with  and  without  inserts. 


For  Powdered  Iron  Cores  to  meet  your  specifice 
tions,  address  your  inquiry  to 


621  East  216  Stiwet, 
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CONSOLE  FOR  DUBBING . .  Cov*r 

Control  console  for  mixing  up  to  nine  sound  channels  to  make  the  final  sound-on-film  track  at  Reeves  Sound 
Laboratoiies,  New  York  (see  p  142) 

ELECTRONICS  SPONSORS  CITIZENS  RADIO  PROJECT .  . 80 

Announcing  a  program  designed  to  test  the  potentialities  of  the  460  to  470-mc  band 

TRANSMITTER  FOR  THE  CITIZENS  RADIO  SERVICE,  by  Walter  C.  Hollis .  84 

Simple  low-power  f-m  unit  meets  PCC  Class-A  specifications  for  460  to  470-mc  band 


MEASURING  PRESSURES  OP  INDUSTRIAL  EXPLOSIONS,  by  N.  T.  TRempson  oad  E.  W.  CohsIrs . 80 

Pressure-time  diagram  is  photographed  on  c-r  screen,  using  capacitance  pickup  with  lO.OOO-cps  bridge 

F-M  CHAIN  BROADCASTING . . . 84 

Prewar  program  distribution  techniques  are  rediscovered  as  a  means  of  making  money  for  f-m  broadcasters 

TEMPERATURE  CONTROL  FOR  OCTANE  TESTS,  by  Piarr*  J.  MalraisoR  .  88 

Circuit  operates  up  to  250  times  per  minute  to  maintain  constant  gas-air  temperature  for  test  engine 

INTERCONNECTING  FACILITIES  FOR  TELEVISION  BROADCASTNG,  by  W.  'E.  Bleaekar . 102 

Television  facilities  will  provide  local  pickup  circuits  and  nationwide  networks 

—  ELECTRONIC  COMPUTER  FOR  PRINTING  CONTROL,  by  JohR  Ladwig  .  108  • 

Electronic-hydraulic  control  system  triples  speed  of  a  multicolor  (frinting  press 

RECORDING  SKY-WAVE  SIGNALS  FROM  BROADCAST  STATIONS,  by  W.  B.  Smith . 112 

Cycler  circuit  blacks  in  area  under  curve  on  strip  chart  for  quick  analysis  by  electronic  scanner 

ELECTROMECHANICAL  D-C  AMPLIFIER,  by  C.  G  Ropar  ORd  J.  F.  ERgcIberger . 117 

Combining  a  vacuum-tube  oscillator  and  a  mechanical  system  provides  a  high-gain  stable  d-c  amplifier 

SIMPLIFIED  MICROWAVE  AFC— Part  I.  by  F.  A.  JaRks . 120 

Motor  and  electronic  circuits  combine  to  give  200-kc  control  of  3,000-mc  carrier  for  unattended  relay  station 

RECORDER  AND  TIMER  FOR  SHORT  INTERVALS,  by  WarrcR  Blits . *. . 126 

Interval-defining  pulses  gate  4-mc  oscillator  to  drive  counter  indicating  up  to  16  ni»c  in  0.25  /xsec  steps 

PRODUCING  TUBE  CURVES  ON  AN  OSCILLOSCOPE,  by  Hanry  E.  Wabking . 128 

Circuit  automatically  changes  grid  voltage  after  each  trace  to  produce  family  of  curves 

VOLTMETER  LOADING,  by  R.  E.  Lafferty . 132 

Nomograph  gives  true  voltage  in  high-impedance  circuit  after  two  readings  with  ordinary  low-sensitivity  voltmeter 

DESIGN  OF  MERCURY  DELAY  LINES,  by  T.  K.  Sharplats . 134 

Ultrasonic  delay  lines  can  store  information  indefinitely  by  a  recirculation  technique 
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SENSITIVE  LOW-POWER  RELAYS 
in  a  newly  improved  design 

FOR  USE  ON  AC  AND  DC 


Enginetting  Bupdriority  in  every  mechanical  and  electrical  detail  makes  Struthers* 
Dunn  Type  112  Relays  far  and  away  "tops”  for  sensitivity  and  durability  for 
low'power  operation  on  the  order  of  a  few  milliwatts  •  A  "fool-proof”  micrometer 
adjustment  assures  exceptionally  reliable  setting  of  the  contact  spring  •  All  parts 
are  of  low-inertia,  quick-acting  design  •  Contacts  are  easy  to  adjust  and  stay  "put” 
once  adjusted  •  Coils  are  well  insulated  and  vacuum  impregnated  •  These  new 
relays  are  built  throughout  for  easier  installation,  higher  sensitivity,  longer  Ufe  •  Avail¬ 
able  in  single-pole  double-throw  and  double-pole  double-throw  contact  combinations. 

(or  Dofo  Bullotin  11Z 
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RELAY 

TYPES 


STRUTHERS-DVNN.  Inc..  150  No.  ISth  St.,  PhUa.  7,  Pa. 
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LESS  SPACE! 
LOWER  COST! 
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Metal  Type  GL-502-A  and 
glass  Type  GL-546  have 
proved  their  efficiency  in  scores  of 
applications  such  as  the  industrial 
circuits  shown  at  the  right.  De¬ 
signers  can  fit  one  or  more  of  these 
thyratrons  into  an  ultra-compact 
control  panel,  with  knowledge  that 
despite  their  small  dimensions,  the 
tubes  will  deliver  a  high  rated  per¬ 
formance  . . .  Because  they  are  made 
in  quantities  by  the  most  precise 
modern  methods,  the  price  is  low 
—a  prime  advantage  to  the  equip¬ 
ment  builder  seeking  business  in  a 
competitive  market . . .  Where  com¬ 
pactness  is  important  but  not  the 
first  need.  Type  GL-502-A  often  is 
preferred  because  of  self-shielding 


qualities  due  to  the  me|*l  envelope, 
plus  a  larger  current  capacity.  This 
tube  will  replace  the  GL-2050,  yet 
is  only  half  the  latter’s  size  ...  If 
space  available  must  be  figured 
down  to  the  fraction  of  an  inch. 
Type  GL-546  (with  a  seated  height 
of  IH  inches,  and  a  diameter  of  H 
inches)  usually  is  selected  .  . .  G-E 
tube  engineers  will  be  glad  to  work 
closely  with  you  in  choosing  the 
right  thyratron  for  any  control  or 
other  circuit.  For  this  counsel,  or 
for  further  facts  about  the  GL- 
502-A  and  GL-546,  phone  or  write 
your  nearby  G-E  electronics  office 
or  General  Electric  Company,  Elec¬ 
tronics  Department,  Schenectady  3, 
New  York. 
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THYRATRON  CIRCUIT  FOR  CONTROL  OF 
SMALL  D-C  MOTORS 
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PHOTO^BE  DOUBLE-GRID  THYRATRON 
RELAY  CONTROL  CIRCUIT 
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THYRATRON  TUBE  TIMER  CIRCUIT 
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GENERAL  O  ELECTRIC 


FIRST  AND  GREATEST  NAME  IN  ELECTRONICS 


»£co«ae» 

THYRATRON  CIRCUIT  FOR  TEMPERATURE 
CONTROL  USING  A  SATURABLE  REACTOR 


The  above  circuits  are  examples  of  possible  tube  ap¬ 
plications  and  the  description  and  illustration  of  them 
does  not  convey  to  the  purchaser  of  tubes  any  license 
under  patent  rights  of  General  Electric  Company. 
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Radio  Interference  Filters 


BUSINESS  BRIEFS 


By  W.  W.  MacDONALD 


•lictroRics  iditioR 


OimOSAt*  rilTERS 
FOR  SCREEN-ROOMS, 
ELECTRONIC  HEATERS, 
AND  SIMILAR  USES 


^'Electronics  will  dominate  the  since  January.  Some  40  of  these 
next  60  years  in  astronomy  as  are  aboard  American  ships, 
much  as  photography  dominated  in 
the  past  60  years,”  says  Otto 
Struve  of  Chicago  University’s 
Yerkes  Observatory. 


Machine  Tool  Show  exhibits 
featured  more  electronic  acces¬ 
sories  than  in  previous  years.  Mo 
tor  control  devices  employing 
tubes  were  everywhere  in  evidence 
Electronically  controlled  chucking 
grinders  and  sizing  mechanism* 
were  shown.  Conversations  with 
people  attending  the  show  also  dis¬ 
closed  that  machine  manufacturers 
were  perfecting  electronically  con¬ 
trolled  hosiery  knitting  machines, 
blind  gaging  devices  and  other 
devices  soon  to  be  described  else¬ 
where  in  Electronics. 


We  Understand  that  IRE  has  al¬ 
ready  sold  all  exhibit  space  on  the 
first  floor  of  New  York’s  Grand 
Central  Palace,  where  the  March 
show  will  be  held.  Space  is  still 
available  on  the  balcony. 


Superregeneration  has  been 
taken  down  from  the  commercial 
shelf,  dusted  off  and  once  more  put 
to  work,  notably  in  certain  inexpen¬ 
sive  f-m  tuners.  Not  too  much  is 
known  about  the  theory  of  superre- 
generative  circuits  but  some  studies 
were  made  during  the  war.  Elec¬ 
tronics  is  at  present  endeavoring 
to  pry  data  loose  for  early  publica- 

Commercial  Broadcast  Picture 

„  .  . . ,  .  ,  for  the  continental  United  States, 

„  .T«f  .  f ,  '.”k  August  1,  1947.  is  as  follow.: 

United  States  total  between  600,- 

000  and  600,000.  About  125,000. 
were  sold  in  1946  and  at  this  writ¬ 
ing  it  looks  like  sales  will  reach  200,- 
000  in  1947. 

We  hesitate  to  estimate  the  size 
of  the  potential  market  owing  to 
wide  differences  of  opinion  in  the 
industry  regarding  the  number  of 
hard-of-hearing  and  how  many  of 
these  can  be  helped  by  hearing 
aids.  It  appears  likely,  however, 
that  the  popularity  of  single-unit 
models  will  result  in  a  substantial 
increase  in  business  during  1948. 


Teaneck,  N.  J.  Dogcatcher  re¬ 
ceives  tipoffs  concerning  stray 
canines  in  his  car  from  the  local 
police  radio  station. 


Solar  Type  EB  series  Eiim-O-Stat  radio  in¬ 
terference  filters  are  intended  for  heavy- 
duty  service  in  1,  2  and  3  phase  circuits  and 
equipment  drawing  from  5  to  200  amperes,  ■ 
250V  a-c/600V  d-c  Voltage  drop  is  negli¬ 
gible. 

Type  EB  filter  assemblies  have  a  noise 
elimination  range  of  from  150  Kc  to  250  Me 
covering  all  frequencies  used  for  radio  com¬ 
munication  and  entertainment,  as  well  as 
commercial  television.  Most  efficient  in 
eliminating  line-conducted  radio  interfer¬ 
ence  when  connected  immediately  adjacent 
to  motors,  generators,  electric  elevators, 
diathermy  machines.  X-ray  apparatus,  elec¬ 
tronic  heating  equipment  and  other  devices 
generating  radio  noise,  they  are  also  highly 
effective  when  connected  at  the  power  serv¬ 
ice  entrance  to  remove  noise  entering  via 
electric  power  distribution  circuits. 

When  placed  in  electrical  circuits  enter¬ 
ing  radio  screen-rooms,  these  Elim-O-Stat 
assemblies  provide  noise-free  power  within. 

Type  EB  series  Elim-O-Stats  are  furnished 
in  standard  Underwriters’  approved  heavy 
cadmium-plated  steel  surface  cabinets.  Indi¬ 
vidual  filter  units  in  each  assembly  are 
housed  in  hermetically  sealed,  corrosion- 
resisunt  metal  containers. 

Bulletins  SFI-160  and  SFI-161  give  com¬ 
plete  data  on  these  units.  Write  for  your 
copies  today.  Solar  Manufacturing  Corpo¬ 
ration,  1445  Hudson  Blvd.,  North  Bergen, 
N.  J.  Plants  at:  Chicago,  Ill.,  Bayonne  and 
North  Bergen,  N.  J. 

★T  JA.  Res.  U.S.  Pat.  Off. 

0  3.506 


Licensed  A-M  Stations .  l,26f' 

A-M  Construction  Permits .  SOfi 

Licensed  F-M  Stations .  52 

F-M  Construction  Permits .  (v!» 

K-M  Conditional  Grants .  247 

Licensed  Television  Stations .  fi 

Television  Construction  Permits.  «i 

TOTAL .  ^0 

Breakdown  of  the  1,266  licensed 

a-m  stations  listed  above: 


Clear  Channd 

Unlimited  (50  kw) . 

Part-time  (50  kw) . 

Unlimited  (5  to  25  kw) 
Part-time  (5  to  25  kw) , 

Regional  Channel 

Unlimited . . 

Limited  and  day . 

Part-time . 

1.  Kol  Channd 

Unlimited . 

Day  and  part-time .  .  . . 


Licenses  covering  some  700  pat¬ 
ents  in  the  radio  receiver,  electri¬ 
cal  phonograph,  and  television  re¬ 
ceiver  fields  have  been  offered  all 
set  manufacturers  by  Philco. 


Minimum  Cost  of  equipment  re¬ 
quired  for  a  modest  start  in  tele¬ 
casting  (500-watt  video  transmit¬ 
ter  and  250-watt  audio  transmit 
ter)  is  $89,000,  according  to  Du 
Mont's  Herb  Taylor. 


Commercial  Radar  installations 
aboard  American  vessels  were  esti¬ 
mated  earlier  this  year  (p  82, 

April)  as  totalling  85.  We  have  Underscored  by  FCC  chairman 
no  later  figures  covering  the  output  Denny  in  a  speech  before  the  NAB 
of  the  entire  industry  but  the  pic-  were  two  statements  of  particular 
ture  is  obviously  changing  rapidly,  significance  to  new  applicants  for 
RCA  reports  the  installation  of  81  a-m  station  licenses.  Denny  said  (U 
equipments  operating  on  3.2  cm  that  applicants  should  be  sure  they 
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